
AD-AI09 609 NAVAL POSTGRADUATE SCHOOL MONTEREY CA F/6 9/2
STATISTICAL ANALYSIS SOFTWARE FOR THE TRS-O0 MICROCOMPUTER.(U)
SEP 81 R P ISBELL

UNLASSIFIED N "

EhmmmhhhhhhhlE



111 '°1.0,12.

,.1. IIIIl8
1. I25 ifl . llI16

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDAAD ]q03 A

L4



Q LEVEL p

NAVAL POSTGRADUATE SCHOOL
Monterey, California

! DTIC
S% ELECTEf

J AN 1 31982

B

THESIS
STATISTICAL ANALYSIS SOFTWARE
FOR THE TRS-80 MICROCOMPUTER

by

Robert Paul Isbell

September 1981

C--) Thesis Advisor: Charles F. Taylor, Jr.

LLU
__ Approved for public release; distribution unlimited

C.3

- ? 01 12 032
NNW1'- -



UNCLASSIFIED
SECURITy CLASSiPICATION Of TmIS PAGL (1S0ho Dos _ e_ _

REPORT DOCUMENTATION PAGE - ,EAD Zt4sThtTrf.lNs

N.PORT NUMERN A. GoVT ACCUIiON no . 3. 1CIPIIT*S CATALOG NMUNIRO,

4. TITLE (god Su feiej) S. TYPE OP MI[PORT 6 PEIOo COVI[EO

Stastical Analysis Software for the Master's Thesis
TRS-80 Microcomputer September 1981

6. PEUPONrING ONG. REPORT NuS"eft

7. AuTNORo.) i. CONTRACT On GRANT N44,MOIRipe

Robert Paul Isbell

. PeRUORING ORGONIZATION NAME ANO AOORES$ O. PROGRAM ELEMENT. PROJECT. TASK
AREA A WORK UNIT NUMMERS

Naval Postgraduate School
Monterey, California 93940

It. CONTROLLING OPFICE NAN9 ANO A0ORS8 IS. REPORT DATE

Naval Postgraduate School September 1981

Monterey, California 93940 120,,o.,O.AGs
14. MONITORING AGENCY NAMI I AOOREISS(OI di i ne, Em Ce..ieltie Offie) IS. SIECURITY CLASS. (of , .ne oraj

Naval Postgraduate School
Monterey, California 93940 UNCLASSIFIED

lIS. OI[CLASSI PICA TON/ONN GRAOiN G

SCNI[OUL[

IS, OISTRiUTION STATEMENT (e thie Rm i )

Approved for public release; distribution unlimited.

It. DISTRIBUTION STATEMENT (of tihe .ofrot Ntherd in good& 29. Ml diffet ben poe")

Is. SUPPLEMENTARY NOTES

it. K ey WORD$ (CDwe "i MS oift fOn de of Rnooea and W lSp r bes 10mnw)

TRS-80 Confidence Interval
Microcomputer Multiple Linear Regression
Statistical Analysis Analysis of Variance
Probability Distributions Data Plots
Hypothesis Tests

24L ASITRACT ( €OMinn an Ourn. WIM 0 " 011iW Red d ,# et OW NOS&

This paper documents the development of a statistical analysis
package for the TRS-80 microcomputer. The package is comprised
of six interactive programs which are generally divided into
topical areas. The major emphasis is on exploratory data anal-
ysis and statistical inference, however, probability and inverse
probability distributions are also included.

00 Crm 1473 cITONO ov O OP I Nov of to OO"OLIY.1'.T

,;! SN 6102*OI4-I sleum" CLAUMPICATION Oft ?tIs P&.0 (INN be..



UNCLASS IF IED
*U .AMPOGYVIO cv fl.u~e ~e as 0 e Owe 0 d..

-The programming language is TRS-80 Level II BASIC enhanced by
the input/output commands available through the ESF-80
(Exatron Stringy Floppy) mass storage subsystem. With the
modification of these few commands, the package is compatible
with most floppy disk operating systems designed for the TRS-80
Model I or Model III microcomputers.

This statistical analysis capability implemented on a relatively
inexpensive system provides a useful tool to the student or the
trained analyst without ready access to a mainframe computer
system.,

DTI2 TAB

Ju, fi C t

[Avo 1I- iI !t yCodo-s

* d Larid/or

DD Form% 1473 2 UNCLASSIFIED
S1.4k01% mn14-68o1 *gb.4w auatfles to.P~3

.!V

.- '.



Approved for public release, distribution unlimited

Statistical Analysis Software for the TRS-80 Microcomputer

by
Robert Paul Isbell

Major, United States Marine Corps

B. S., United States Naval Academy, 1967

Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN OPERATIONS RESEARCH

from the

NAVAL POSTGRADUATE SCHOOL
*September 1981

Author QLZ ~ i

Approved by:CLL 1 A 9hss

/Thesis Advisor

Second Reader

Chairman, Department of:ions Research

Dean of Information and Policy Sciences

T'L3



ABSTRACT

This paper documents the development of a statistical

analysis package for the TRS-80 microcomputer. The package

is comprised of six interactive programs which are generally

divided into topical areas. The major emphasis is on ex-

ploratory data analysis and statistical inference, however,

probability and inverse probability distributions are also

included.

The programming language is TRS-80 Level II BASIC en-

hanced by the input/output commands available through the

ESF-80 (Exatron Stringy Floppy) mass storage subsystem.

With the modification of these few commands, the package is

compatible with most floppy disk operating systems designed

for the TRS-80 Model I or Model III microcomputers.

This statistical analysis capability implemented on a

relatively inexpensive system provides a useful tool to the

student or the trained analyst without ready access to a

mainframe computer system.
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I. INTRODUCTION

Over the past decade computers have played an ever

increasing role in the day to day operation and adminis-

tration of the military services. In the Marine Corps, for

example, computer-based systems such as MMS (Manpower Man-

agement System), JUMPS (Joint Uniform Military Pay System),

MIMMS (Marine Corps Integrated Maintenance Management Sys-

teL), and many others handle virtually all personnel

administration and personnel pay matters, equipment main-

tenance and operational status reporting, supply requisi-

tioning, fiscal record-keeping, etc. The computers which

support these systems are large mainframe devices usually

shared by two or more major commands. While the small unit

commander certainly benefits from the overall effects of

these large computer systems, he has little or no access to

a computer system for projects tailored to his individual

unit.

The small, relatively inexpensive microcomputer sys-

tems which abound today offer the small unit commander the

possibilities of a customized computer based system for

unit level information processing, record keeping and

problem solving. The hardware is available and within the

- budget of these lower levels of command but will be of

little use unless appropriate software is also available.

6



The purpose of this thesis is to provide a software package

consisting of a number of statistical analysis procedures

which can be effectively implemented on a microcomputer.

7
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A. PACKAGE CONTENT

McNeil [Ref. 1] states that an effective data analyst

requires as his basic tools a computer and a set of routine

, procedures. By his definition, the computer can range from

the statistican with pencil and paper to a wide variety of

electronic computational devices. Whatever form it takes,

the function of the computer is to faithfully execute the

collection of routine procedures selected by the analyst.

By implication, the key to an effective statistical analy-

sis package is the proper choice of procedures to be

included.

The collection of "routine procedures" contained in

this package are intended to provide the potential user

with a basic set of widely utilized statistical analysis

tools. These procedures have broad application and are not

designed for any one specific scenario. The package was,

however, designed with a specific user in mind, i.e. the

military officer with a working knowledge of statistical

analysis techniques and a desire to apply these techniques

at the small unit level. The potential applications remain

broad but typically include such items as forecasting next

quarter's training support requirements, temporary addi-

tional duty budget, spare parts demand, etc., without

8
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*complete knowledge of the number of personnel who will be

assigned, what changes might be made in exercise schedules,

equipment usage rate and many other pertinent facts. In

other words, he must make plans, decisions, and forecasts

based upon his best estimation of the values of random

variables. A common sense approach to this problem is to

collect data on previous observations of the random var-

iable in question and use this data as a indicator of what

can be expected in the future.

In order to make knowledgeable decisions based on the

available data it is first necessary to gain insight into

the nature and structure of the data. Procedures utilized

for this purpose are generally classified as exploratory

data analysis techniques. A number of the procedures

included in the package fall under this general classifi-

cation. These include subroutines which calculate sample

statistics such as sample mean, sample variance, skewness,

kurtosis and the seven number summary. Also included are

data plots such as histogram, stem and leaf, normal prob-

ability plot and exponential probability plot. These pro-

cedures were selected because the manner in which they

represent the data is straightforward and easily inter-

preted by the trained analyst.

After the analyst has studied the nature and structure

of the data he is usually interested in knowing what

inferences concerning various population parameters can be

9



drawn from the data. Statistical analysis procedures which

are concerned with this question fall under the heading or

statistical inference. Statistical inference can be fur-

ther subdivided. If, through exploratory data analysis of

by other means, the analyst feels that it is reasonable to

assume knowledge of the distributional family from which

the data sample is drawn, then, according to DeGroot

[Ref. 2], he is dealing in the area of parametric statis-

tical inference. If, on the other hand, inferences are made

about population parameters without assuming an underlying

distributional form, the term nonparametric statistical

inference is applicable. Procedures which rest on implicit

population assumptions but which are tolerant of departures

from these assumptions are called robust procedures.

Parametric statistical inference procedures contained

in this package include tests of hypotheses and confidence

intervals for population parameters under the normal,

exponential and Bernoulli distributional assumptions. While

these three distributions are not the only ones of potential

interest, they are probably the most common distributions

assumed.

Procedures which provide robust estimates for popula-

tion parameters are also included in the package. The

robust-t (Winsorized-t and trimmed-t) procedures are

utilized for establishing a point estimate and confidence

interval for the population mean. The Jackknife technique

10



is used for a point estimate and interval estimate for the

population variance. The one true nonparametric statistical

inference procedure included in the package is a subroutine

which computes a confidence interval for the population

median.

As implemented in this package, the procedures thus

far mentioned deal with univariate data, i.e. data which

represents a single random variable. Also included is a

multiple linear regression procedure which, using the

method of ordinary least squares, tests for a statistically

significant linear relationship between a dependent

(response) variable and one or more independent (carrier)

variables. The regression equation coefficients which

estimate the linear relationship and a number of statistics

which measure the "goodness" of the fit are also calcula-

ted. Linear regression is one of the most widely utilized

statistical analysis procedures and is a powerful tool when

properly used. A typical application for a military unit

might be to study the relationship between the number of

Not Operationally Ready (NOR) pieces of equipment reported

for each month over some period of time (the response var-

iable) and such carriers as the average number of techni-

cians assigned for the month, number of days spent in the

field during the month, average response time for supply

demands, etc.

11



ANalysis Of VAriance (ANOVA) procedures, which are

used to test for statistically significant differences

between two or more population means, are also included.

This program allows for one-way classification of popula-

tions, e.g. scores on the GMS test (General Military Sub-

jects) made by individuals classified according to MOS

(Military Ocupational Speciality); two-way classification,

e.g. GMS scores made by individuals classified according to

MOS and sex; or three-way classification, e.g. GMS scores

made by individuals classified according to MOS, sex and

highschool completion status. As in the case of multiple

linear regression, the ANOVA procedure is a very powerful

and widely utilized analysis tool.

Finally, the package contains several of the more

common discrete and continuous probability distributions and

inverse distributions and three common data transformations.

The probability distributions and inverse probability

distributions are of interest to the analyst in their own

right and many also serve as subroutines for other statis-

tical analysis procedures contained in the package. The

data transformations (square root, cube root and natural

logarithm) can be useful during the exploratory data

analysis phase in helping to uncover structure in the data.

Except in the more trivial cases, e.g. sample mean,

the procedures mentioned above and the algorithms utilized

to implement the procedures will be discussed in more

12



detail in later sections of this paper. A summary of the

procedures contained in this package is given in Figure 1.

B. TRS-80 MICROCOMPUTER SYSTEM

As previously stated, the analyst can accomplish the

calculations required to perform the statistical analysis

procedures outlined above in a variety of ways. These

range from pencil and paper to large mainframe computer

systems. The computations required for very small data

sets can easily be handled with pencil and paper and per-

haps a handheld calculator while the practical considera-

tions of time alone dictates that very large data sets

*require a mainframe computer system for effective analysis.

*It is analysis of the moderate size data set (perhaps

twenty to several hundred data points) which would become

quite tedious to accomplish by hand but which might not

merit the expense of a large computer system, assuming one

were available, that the microcomputer handles nicely.

A number of microcomputers are currently available and

new makes and models are appearing rapidly. This paper

makes no attempt to draw qualitative comparisons between

the competing brands. No such study was undertaken. The

TRS-80 microcomputer was selected for this project simply

because it appeared to offer capabilities comparable to the

other popular makes at a slightly lower price. In addition,

at least at the time the computer was purchased, the TRS-80

13
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appeared to have the widest market acceptance. A more

detailed description of the system follows.

This package was developed on a TRS-80, Model I, Level

II microcomputer. The basic system consists of a 16K RAM

(Random Access Memory) CPU/Keyboard (Central Processing

Unit), a 12 inch diagonal video display, and a cassette

recorder for loading and recording programs and data. This

basic system was enhanced with a Microtek 32K RAM memory

expansion unit and a ESF-80 (Exatron Stringy Floppy) mass

storage subsystem which was used in lieu of the cassette

recorder. The entire system cost less than $1,400.

SI"This system proved to be reliable and provided the

capabilities necessary for the successful completion of this

project. A major enhancement, however, would have been

at least one floppy disk system for loading programs and

for input/output of data files. This addition would have

significantly increased the speed of program loading and

data file handling and provided the potential of alternate

programming languages.

C. PROGRAMMING LANGUAGE

The programming language for this package is TRS-80

Level II BASIC developed by Microsoft Inc. A Level II

BASIC interpreter is resident in the ROM (Read Only Memory)

contained in the TRS-80 CPU. This "built in" language was

used as an expediency; the comparatively slow execution

15



speed of BASIC is not a significant factor for problems of

the size this package is designed to handle.

The native Level II BASIC was enhanced with several

system commands made available through the ROL contained in

the ESF-80 mass storage subsystem. These commands accom-

plish several fundamental operations. The @SAVE and @LOAD

commands are used to record and load program code. The

@OPEN, @CLOSE, @PRINT and @INPUT commands are for data file

handling. Finally, inclusion of the @LOAD command in pro-

gram code enables the chaining of programs (the ability to

load a program while preserving the variables created by

the previously loaded programs).

D. PACKAGE PORTABILITY

Without at least some minor modifications this package

is portable only to an identical system. Virtually all

DOS's (Disk Operating Systems) designed for the TRS-80

Model I and Model III microcomputers, however, contain as a

subset system commands which perform the same functions as

those provided by the ESF-80 subsystem. Modification of

these commands, which are contained in perhaps six lines of

code in each of the six programs in the package, would make

it portable to any TRS-80 Model I or Model III 48K RAM

system equipped with at least one disk drive system.

The most significant differences between Level II

BASIC and the versions of BASIC implemented on other

16
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microcomputers are keywords relating to display output.

Because of the large amount of code directly relating to

display output, it would require a sizeable effort to mod-

ify this package for another microcomputer. The program

logic, however, could serve as a model for programs written

in other versions of BASIC or even FORTRAN. A partial

translation of this package into FORTRAN-IV was accom-

plished for implementation on a PDP-11-60 minicomputer

system.
1

E. LIMITATIONS

J Three interrelated constraints of this package are

accuracy, speed and capacity. TRS-80 Level II BASIC

includes the capability of defining double precision var-

iables, thus significantly increasing the accuracy of

computations. Double precision variables, however, require

increased memory for storage and computation, with a resul-

tant decrease in the capacity of the computer to handle

large data arrays, and an increase in computation time. On

the other hand, when variables are defined as single pre-

cision some algorithms which use approximations requiring

increased precision must be rejected in favor of others

which are often slower. The goal then was to strike a

proper balance so that a good degree of accuracy could be

17



attained and, at the some time, allow for reasonable speed

of execution and capacity.

The majority of the variables in this package are

single precision variables, but integer variables were used

where possible and a few procedures require the use of

string, i.e. character or literal, variables. No double

precision variables are used. Over the range of problems

tested, the accuracy was found to be good (four or more

decimal place accuracy) in most instances and fair (two or

three decimal place accuracy) in a few cases.

The capacity of the package is limited to a vector of

200 observations for those procedures which apply to uni-

variate data, i.e. the first four programs. The multiple

linear regression program is limited to a data array of

1OX1O0 (response variable, 9 carrier variables and 100

observations). The ANOVA program is limited to 1OX20,

1OX1OX1O, and 1OXlOX1O arrays respectively for the one, two

and three-way classification cases. The size of the data

arrays handled by each program could be significantly

increased if each program were loaded and executed as a

single program. In order to chain the programs together

and therefore pass variables back and forth between pro-

grams, the array sizes are limited to those cited above.

The package was designed for analysis of relatively

small data arrays. Even so, due to the inherent nature of

an interpreted language such as TRS-80 Level II BASIC,

18



subroutines which require many iterative calculations, e.g.

several of the inverse probability distributions and some of

the robust procedures, can require up to several minutes of

execution time. Each algorithm was designed to execute as

fast as possible, but whenever a choice had to be made

between speed of execution and accuracy, the more accurate

algorithm was selected.

It is perhaps indicative of the current high degree of

computational power available that an algorithm is consid-

ered slow when it requires several minutes of execution

time. A decade ago analysis of a moderate size sample

which did not merit very expensive computer time could have

consumed hours of tedious hand calculations.

F. USER FRIENDLY FEATURES

This package was designed to be used by the individual

with a general understanding of statistical analysis pro-

cedures and terminology. At the same time, it was recog-

nized that there does not exist a completly standardized

set of conventions for symbols and terms. While no attempt

was made to define all procedures, parameters or terms, a

brief explanation was provided where, in the subjective

opinion of the author, it was felt confusion might exist.

For example terms such as mean, variance, confidence level,

sum of squares, F-statistic, etc. were assumed to be well

understood by any potential user. When the user is

19



initially introduced to the term "exponential parameter

lambda", however, he is advised that the term refers to the

reciprocal of the exponential mean.

Even the most knowledgeable user can inadvertently

enter a value or character which would cause the program to

terminate due to error or at least return an incorrect

answer. Whenever the user is prompted for an input the

value or character entered is fires tested to see that it

has some logical meaning within the context of the opera-

tion or calculation to be execrated. If it is recognized

that it does not then the user is so advised and is allowed

to reenter the value or characte-. If, for example, a data

transformation or a data plot procedure is selected after

sumary statistics have been entered, the user is advised

that the selected subroutine is not applicable since data

have not been entered and he is prompted for another

selection.

2
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III. DISCUSSION OF PROGRAMS/ALGORITHMS

A. STRUCTURE AND ORGANIZATION

The package is divided into six chained programs. The

control module is integrated into program 1 and must always

be loaded first. The control module serves to define,

* dimension, and initialize variables for the first four

programs and positions the variable pointer so that subse-

quent programs can be loaded without loss of variables.

j The control module also contains the program instructions

and program selection menu.

After initial execution of the control module any of

the six programs may be selected by the user. A video

prompt tells the user which program tape to load into the

ESF-80; the program is then automatically loaded and begins

execution (auto run). The user is then free to move from

one program to the next with the following limitation: when

either program 5 or program 6 is loaded all variables are

cleared and redimensioned in order to accomodate the mul-

tidimensional arrays required by these programs. If the

user desires to access one of the first four programs after

using program 5 or program 6, it is necessary to first load

program 1 and thus the control module in order to reini-

tialize variables.

21



B. PROGRAM 1

Program 1 contains data input/output procedures, data

transformations and a number of common probability distribu-

tions and inverse probability distributions. A detailed

block diagram of program 1 is given in figure 2.

1. Data Input/Output

Data Input/Output (I/O) for the first four pro-

grams is accomplished in program 1. Programs 5 and 6 con-

tain their own data I/O subroutines. A one dimensional array

of up to 200 data points may be manually entered via the

keyboard, or a previously saved (recorded) data array may be

loaded via the ESF-80. As a third alternative, the user may

select one of four random number generators (normal,

exponential, uniform and Bernoulli) to create data. Finally,

the user is allowed to enter summary statistics only. This

last capability is duplicated in program 3 to facilitate

testing of various hypotheses.

Any time data or summary statistics are entered, all

previously entered data is cleared. The user is therefore

given the option to save data on tape in the event that

further analysis is desired.

All data are stored in two single dimensional

arrays, X(i) and Y(i). Both are defined as single preci-

sion real arrays which are stored with seven digits of

precision but are printed with a maximum of six digits of

precision (if the seventh digit is 5 or greater then it is

22



BLOCK DIAGRAM OF PROGRAM #1
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rounded up). All seven digits of precision are used for

computations. The X array is used to save the raw data while

the Y array may contain transformed data. All subroutines in

the first four programs operate on the Y array.

After the data has been entered either manually via

the keyboard, loaded via a prerecorded data tape or

generated by one of the four random number generators, two

* foperations on the arrays are automatically executed. First,

unless the data are already ordered from low value to high

value, the Shell Sort subroutine is called to order the

data. After the data are sorted the following sample

statistics are calculated and saved for later use: sample

mean, sample variance (unbiased estimate of population

variance), maximum likelihood estimate of variance, skewness

and kurtosis.

2. Data Transformations

McNeil [Ref. 3] claims that data transformations are

the most powerful tools avialable to the data analyst. Such

adamant statements inevitably invite arguments but it is at

least true that, when properly applied, data trans-

formations can be very useful to the analyst. They can

reveal structure in the data that is otherwise obscured and

can reexpress the data so that assumptions such as normal-

ity are more nearly satisfied. The following data

24



transformations are certainly not exhaustive but are three

common transformations which have proved useful in data

analysis work.

The square root, cube root and natural logarithm

data transformations are optional after the raw data has

been entered and sorted. The original data may be restored

to the Y array from the X array by returning to the data

transformations subroutine and selecting the 'No Transfor-

mation' option. After each data I insformation sample sta-

i tistics are recalculated.

3. Probability Distributions

The probability distributions menu contains five

univariate continuous probability distributions, i.e. the

normal, exponential, chi-square, Student's-t and the F

distributions and three discrete probability distributions,

the binomial, negative binomial and Poisson distributions.

The discrete distributions calculate both point probability

and cumulative probability while the continuous distribu-

tions calculate the left and right tail cumulative prob-

abilities. The specific algorithms utilized are contained in

the program listings at the end of this paper.

Kennedy and Gentle [Ref. 4] point out that 'rough'

approximations which provide two or three figure accuracy

over certain ranges of parameter values would be adequate if

one were only interested in probabilities. There is a need

for greater accuracy in statistical analysis packages,

25



however, since these values are used in evaluating other

expressions for which accurate results are required. A

number of the probability distribution algorithms contained

in program 1 are used as subroutines by other probability

distributions, inverse probability distributions and, in

later programs, used for evaluations such as confidence

intervals and tests of hypotheses. Some of these applica-

tions will be discussed in following paragraphs.

In order to achieve the highest degree of accuracy

possible, several of the probability distributions combine

two or more algorithms. It is common that the faster

algorithms work well over certain parameter ranges but lose

accuracy quickly outside these ranges. It thus became

necessary to utilize slower, often iterative algorithms in

order to maintain an acceptable level of accuracy. Appendix

A shows comparisons of probabilities calculated by the

algorithms contained in this package and tabled values given

in Handbook of Tables for Probability and Statistics [Ref.

5].

a. Normal Distribution

The central limit theorem simply stated says

that the sample mean of a random sample drawn from any

distribution with finite variance is, in the limit, norm-

ally distributed about the true population mean. This

theorem makes the normal distribution one of the most

important distributions in statistical analysis. A number of

26



the statistical inference procedures contained in this

package have the normal distribution as their foundation and

several other-probability distribution subroutines utilize

relationships with the normal distribution.

The algorithm for the normal distribution is

based on a polynomial expansion of the right tail cumu-

lative probability given in Abramowitz and Stegun [Ref.6].

This algorithm gives results which are exact when compared

to tabled values (see Appendix A). The nominal computation

time is one second.

b. Exponential Distribution

The exponential distribution is commonly used to

represent the distribution of time between the occurrences

of certain events. One of the most frequent applications is

in relaibilty theory.

The exponential cumulative probability is

particularly easy and fast to calculate. The closed-form

expression for the right tail cumulative probability is

evaluated and the resulting probabilities are exact to

single precision accuracy.

c. Chi-square Distribution

The importance of the chi-square distribution in

statistical analysis is based on the theorem that the sum of

squares of k independent and identically distributed

standard normal random variables has a chi-square

distribution with k degrees of freedom. Extensions of this
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theorem serve to test hypotheses concerning and establish

confidence intervals for the population variance under the

assumption of normality.

Two different algorithms were utilized to

approximate chi-square cumulative probabilities. A rela-

tionship between the chi-square distribution and the normal

distribution which is given in Abramowitz and Stegun [Ref.

7] was used for the large degrees of freedom case (degrees

of freedom greater than thirty). This algorithm is fast

(approximately one second) and is accurate to a minimum of

three decimal places. For smaller degrees of freedom,

however, the accuracy of this approximation falls off rap-

idly. Poole and Brochers [Ref. 8] give a BASIC program based

on a series expansion of the right tail cumulative

probability. This algorithm is slower (six seconds are

required for thirty degrees of freedom) but maintains at

least three decimal place accuracy down to one degree of

freedom.

d. Student's - t Distribution

The t distribution, like the chi-square distri-

bution, has wide application in statistical analysis work.

By definition, if a standard normal random variable is

divided by the square root of a chi-square random variable

over its degrees of freedom then the resulting random

variable has a t distribution with the same degrees of

freedom. It can be shown that if a random sample of size n
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is drawn from a normal distribution then the square root of

the sample size times the difference between the sample mean

and true population mean all divided by the square root of

the sample variance has a t distribution with n-i degrees of

freedom. An important point is that this t statistic does

not depend on the true population variance.

Two algorithms were utilized to obtain

t-distribution cumulative probabilities. Abramowitz and

Stegun [Ref. 9] give a distributional relationship with the

normal distribution which produces good results (three to

four decimal place accuracy in one second) when degrees of

freedom exceed thirty and a series expansion of the

cumulative distribution function for smaller degrees of

freedom. The latter algorithm returns four or more decimal

place accuracy in one to three seconds.

e. F Distribution

The F distribution is still another sampling

distribution of great importance in statistical analysis

work. A random variable which is the ratio of two inde-

pendent chi-square random variables each divided by its

degrees of freedom has an F distribution with the respective

numerator and denominator degrees of freedom. This statistic

is often referred to as the F ratio and serves, for example,

to test hypotheses concerning differences between variances

of independent normal populations.
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Kennedy and Gentle [Ref.10] point out that

existing algorithms for F distribution probabilities do not

give a high degree of accuracy. This reference does, how-

ever, give a FORTRAN program based on a series expansion of

a basic integral form of the left tail cumulative prob-

ability which is among the best available algorithms. This

package utilizes a direct translation of the FORTRAN pro-

gram given in the above reference. The algorithm generally

produces three decimal place accuracy and occasionally four

decimal place accuracy. Computation time is a function of

degrees of freedom and ranges from a nominal one second for

small degrees of freedom to appoximately seven seconds for

120 numerator and denominator degrees of freedom.

f. Discrete Distributions

The binomial, negative binomial and Poisson

distribution algorithms perform direct calculations of their

respective probability functions to produce point

probabilities. Cumulative probabilities are calculated by

summation of point probabilities with one exception. The

binomial cumulative probability utilizes the Poisson

approximation if the number of trials is greater than 45 and

the probability of occurrence on a single trial is either

less than or equal to .1 or greater than or equal to .9. The

normal approximation is used if the number of trials is

greater than 45 and the probability of occurrence on a

single trial times the number of trials is greater than 5.
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All point probabilities are accurate to four or

more decimal places. The normal and Poisson approximations

to the binomial cumulative probability are accurate to three

oi' more decimal places; the other cumulative probability

procedures produce a minimum of four decimal place accuracy.

4. Inverse Probability Distributions

Exponential percentiles are calculated with the same

ease as exponential probabilities and good closed form

approximations for normal and chi-square percentiles were

found. Abramowitz and Stegun (Ref. 11] was the source of the

normal percentiles approximation while the algorithm for

chi-square percentiles is a direct translation of FORTRAN

program listed in "Collected Algorithms from ACM" [Ref. 12].

These algorithms give accurate results when compared to

tabled values (see Appendix 2) and all execute in one to

three seconds.

It was more difficult to obtain accurate results for

t-distribution and F-distribution percentiles. Abramowitz

and Stegun [Ref. 13] give closed form approximations for

both distributions which perform well for larger degrees of

freedom (ten or greater for the t-distribution and

A twenty/twenty or greater for the F-distribution). These

approximations, however, lose accuracy rapidly for smaller

degrees of freedom. In these cases it was necessary to

resort to an algorithm which starts with a rough

approximation of the percentile and, calling the respective
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probability distribution subroutine, iteratively refines the

approximation until the returned probability converges to

the specified value. This algorithm produces accurate

percentiles but computation time can extend up to several

minutes.

C. PROGRAM 2

Program 2 contains the six subroutines which are

* classified as exploratory data analysis procedures. Their

primary purpose is to provide information about the data

(raw or transformed) which reveals patterns, trends, spread,

symmetry, how closely the data follows some classical

distribution, etc. The information about the data is

presented in two basic formats. The first two subroutines in

this program present a numerical summary of the data while

the last four subroutines give graphical representations

(plots) of the data.

1. Numerical Summaries

The first numerical summary of the data displays

several classical sample statistics, each of which is a

measure of some facet of the data's structure. A measure of

the central location and/or typical value of the data is

given by the c;ample mean. Two measures of the spread of the

data a. given. The first is the sample variance, i.e. the

unbiased estimate of population variance under the

assumption of normality, and the second is the maximum
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likelihood estimate of population variance under the same

assumption. The sample statistic called skewness provides a

measure of the symmetry of the data. A value of zero

indicates a symmetric distribution while positive and

negative values indicate right and left skewed distribu-

tions respectively. Finally, kurtosis provides a measure of

how much of the data is distributed into the tail of the

distribution. For reference, a normal distribution has

kurtosis of zero while the exponential distribution, which

has a longer tail than the normal distribution, has kur-

tosis of six.

The second numerical summary of the data is the

seven number summary. The "seven" refers to the basic

elements of the display. These consist of the median, upper

and lower quartiles (75 and 25 percentiles), the upper and

lower eighths (87.5 and 12.5 percentiles ) and the extremes

(maximum and minimum).

Like the mean, the median gives a measure of the

central or typical value of the data. The three remaining

pairs of numbers give a measure of the spread of the data.

Two other numbers associated with each of these pairs give a

4i measure of skewness of the data. The first is simply the

midspread or average of each of the pairs which can be

compared with the median and with each other. The second

measure of skewness makes this comparison a little more

automatic. If M represents the median, Q1 the lower
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quartile, Qu the upper quartile then (((Qu-Ql)/2)-M)/(Qu-Ql)

will be zero if the quartiles are symmetric about the median

while a positive or negative number will suggest the

corresponding direction of skewness. A similar number is

calculated for eighths and for extremes.

2. Data Plots

The histogram is a graphical representation of the

data in which each point is assigned to a class interval

depending upon its value. The number of data points in a

class interval determine the height of the graphical bar

representing that cell. The resulting display is then a

picture of the distribution which generally approximates the

shape of the underlying probability distribution function.

An important parameter in determining the usefulness

of the histogram is the width of the class interval. The

extreme cases illustrate this point. If the class interval

is so wide that all data points fall into a single cell then

about the only information provided is the number of data

points in the sample. On the other hand, if the class

interval in so narrow that every data point belongs to a

separate cell then the picture is very difficult to

interpret. The histogram subroutine contained in this

program can have up to fifteen cells. The initial class

interval is automatically determined so that there will be a

range of at least five cells from the minimum to the maximum

data point. Some of these cells may be empty. After the
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initial histogram is drawn the user is given the option to

increase the class interval or, subject to the fifteen cell

limitation, decrease the class interval.

A graphical representation of the data similar to

but containing more information than the histogram is the

stem and leaf plot. The significant difference between the

two plots is that the incremental elements in each cell of

the stem and leaf, i.e. the leaves, are numbers instead of

an incremental portion of a solid bar. The most significant

digit of each data point is represented oy the class

interval labels running along the stem (vertical axis) of

the plot and the leaves are the next most significant digit

of each data point.

McNeil [ref. 14] suggests several advantages the

stem and leaf enjoys over the histogram. As well as pro-

viding the same information about the shape of the distri-

bution it reveals intracell distribution. It is also pos-

sible to obtain reasonable estimates of percentiles simply

by counting leaves.

As with the histogram, the initial class interval is

automatically determined by the computer. After the first

plot the user is again allowed to redraw the plot with a

different class interval, this time subject to a limitation

of sixteen cells.

A fairly simple procedure for testing the conformity

of the data to some specified theoretical probability
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distribution is to plot the ordered sample against the

corresponding theoretical percentiles. A one to one

correspondence would, of course, plot as a straight line.

Systematic departure from a straight line plot indicates

that the sample does not conform well to the theoretical

distribution.

This procedure was implemented for the normal and

exponential distributions and these two plots are the final

graphical representations of the data contained in this

j program. These plots perform well for fairly significant

departures from the theoretical distributions. Due to the

relatively low resolution graphics capability of the TRS-80

video display, however, slight to moderate departures from

the theoretical distributions are difficult to detect.

D. PROGRAM 3

The statistical analysis procedures contained in program

3 are classified as parametric statistical inference proce-

dures. They include classical tests of hypotheses and cal-

culation of confidence intervals for normal, exponential and

Bernoulli population parameters. The specifics of these

classical procedures are given in almost all first course

statistics textbooks and will not be reiterated here. The

discussion will be limited to the basic format of the

procedures. Major portions of each of the algorithms

contained in this program have already been discussed, i.e.
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the probability distributions and inverse distributions

which were developed for program 1. A detailed block dia-

gram of the hypotheses tested and confidence intervals

calculated by this program is given in Figure 3.

1. Tests of Hypotheses

The basic format for the various test of hypotheses

is as follows. Once the user has selected the assumed

distribution and the specific null hypothesis to be tested

then the appropriate test statistic (usually a combination

of sample statistics already calculated in program 1) is

calculated and displayed. Using this test statistic, the

appropriate probability distribution subroutine is called

and the probability at which this statistic will become

statistically significant (P-value) is returned and dis-

played . The user is then prompted to enter the probability

of type I error (alpha value) he desires to establish for

the test. If alpha is less than the P-value then the null

hypothesis is accepted, otherwise it is rejected.

A more classical approach to hypothesis testing is

to calculate a value for a statistically significant sta-

tistic given the alpha value and then compare the actual

test statistic calculated from the sample to this value to

determine acceptance or rejection. This approach was re-

jected in favor of the one given above for two reasons.

First the accuracy and speed of the probability distribu-

tion subroutines are generally better than those for the
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BLOCK DIAGRAM OF PROGRAM #3

- lI
.WW %VLE .J Fmwui~ wp

1) HVOtl COX*n ini Men 1) H'othrius Cancnini Proportion
a) HUI Jo -vs- HU=I/,Hio a) P=Po -v- P=/=Po
b) N J<=Uo v- H > Ifo b) P<=Po-v- P>Po
c lM >=N.blo s- HU<IIIJo c) P>-Po-v,- P<Po

2) Confidunce Interval for Nem 2) Confidene Int. for Proportion

1) Hgotheswm Concerning Non
a) H=U L~ ft -- m=I=/IJft
b) MII to -v- m>MUD

c) IVt-v~ .,s- tJ < ft

2) Hgothee Cwmern' W'imm
a1) VAR =Vf~ "-n- WR=/= Ro
b) VAR <0 VWRo-n- VAR> Yf
0) VAR >= %fto-^s- VAR < Wft

3) Confidome Iterval for Man
4) Confidence Intm~al for Varimnm

FIGURE 3

33



inverse distribution subroutines. Calculation of the

P-value uses the probability distribution subroutines while

calculation of a statistically significant value for the

statistic uses the inverse probalility subroutines. Second,

and perhaps most importantly, the displayed P-value provides

mc.-e information than a simple accept/reject criteria.

2. Confidence Intervals

The format for the confidence interval subroutines

is similar to that utilized for tests of hypotheses. The

user selects the assumed population and the desired

confidence level. After this information has been entered

the appropriate inverse probability distribution is called

and returns the value at which a corresponding sample sta-

tistic would become significant. A confidence bound for the

parameter of interest is calculated from this value and

displayed. This algorithm is first utilized to calculate

two sided confidence limits and then a upper and lower one

sided confidence limit.

2. PROGRAM 4

This program contains two robust and one nonparametric

statistical inference procedures.

1. Robust-t

When it is suspected that the random sample contains

outliers, then it is often desirable to obtain an estimate

for the population mean that places less weight on the
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extreme points. Two techniques for obtaining such an

estimate are the Winsorized-t and trimmed-t procedures.

Winsorization is accomplished by symmetrically setting one

or more of the extreme values of the ordered sample equal

to its nearest neighbor. Trimming, on the other hand, omits

the symmetrically placed extreme values. It should be noted

that in both cases there is an implicit assumption that the

true distributional form is symmetric. The depth to which

the extreme values are Winsorized/trimmed is referred to as

the level of Winsorization/trimming. After the data are

Winsorized/trimmed the point estimate of the population mean

is calculated in the usual manner. Dixon and Massey [Ref.

15] point out that there is little loss of efficiency if the

data are Winsorized (at mild levels) when the extreme points

are actually valid and that much improved estimates result

when the extremes are not valid observations. Trimmed

estimates are somewhat less efficient.

It has also been shown that the t-ratio which is

calculated using the sample variance of the Winsorized data,

multiplied by an appropriate constant (see Dixon and Massey

[Ref. 16] for details) closely follows the t-distribution

with h-i degrees of freedom where h is the number of

obervations not Winsorized/trimmed. This statistic is used

to calculate confidence bounds for the true population mean.

This program allows Winsorizing/trimming of the data

up to the tenth level. Computation time is a function of

the selected level but is not excessive in any case.
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2. Jackknife

If the distribution from which a random sample is

drawn is normal then a confidence interval for the true

population variance is properly based on the chi-square

sampling distribution. Such confidence intervals are,

however, very sensitive to the underlying distribution and

do not perform well when the assumption of normality is

violated. A robust method for handling departures from

normality is the jackknife technique. The jackknife

technique is discussed in some detail in Mosteller and Tukey

(Ref. 17].

This procedure, more than any other in this package,

shows up the speed disadvantage of an interpreted language

like TRS-80 Level II BASIC. The crux of this procedure is

to divide the data into g groups of size h and then

iteratively calculate the sample variance g times, each time

leaving out one group of h. The usual method is to let h=l

and therefore g=n where n is the size of the sample. This

eliminates any arbitrariness in the formation of the groups

but means that a sample of one-hundred data points requires

one-hundred calculations of the sample variance. This

.4 specific example required 25 minutes of calculation time.

*As a partial solution to this problem, the user is allowed

to set h to any integer between one and five so long as the

data size is evenly divisible by h. When h is greater than

one the ordered data must be randomized to avoid
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systematically leaving out the h smallest values first, then

the next h smallest values, etc. Randomizing the data does

introduce some of the arbitrariness mentioned earlier and

results in slightly different answers each time the

procedure is repeated. A number of sample problems, however,

j displayed reasonable stability from one calculation to the

next. Application of the jackknife technique to a sample of

one hundred observations divided into twenty groups of size

5 required approximately five minutes of calculation time.

3. Confidence Interval for the Median

By the definition of the median, the probability

that any random observation drawn from any continuous

population is less than or equal to the median equals

one-half. Based on this fact it can be shown that the

probability that the median lies between the ith and the jth

order statistic of a random sample has a binomial

distribution with parameters p=.5 and n equal to the sample

size. Since no assumptions are made about the population

from which the random sample is drawn other than that it is

continuous, it is possible to obtain a truly nonparametric

confidence interval for the population median.

Confidence intervals for the median calculated by

this program are in exact agreement with tabled values

contained in Dixon and Massey [Ref.18]. Calculation time

varies from a few seconds to several minutes depending on

the sample size.
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F. PROGRAM 5

Program 5 contains a multiple linear regression

procedure which, by the method of Ordinary Least Squares

(OLS), estimates the coefficients of the basic linear model,

Y = X B + e, where Y is the vector of observations of the

dependent variable, X is the matrix of independent

variables, B is the vector of coefficients estimated and e

is the error vector. The program also calculates and

displays a number of the standard statistics each of which

measures some facet of the quality of the OLS solution.

The computational method used by this program is

straightforward matrix algebra applied to the basic linear

model. The greatest difficulty with this method is in

obtaining accurate results when the X'X matrix is inverted.

According to Draper and Smith [Ref. 19] one of the prime

causes of roundoff error during this operation is the

presence of widely differing orders of magnitude in the

numbers involved. In order to minimize this problem the

data are normalized or centered as described in the

aforementioned reference. Two additional advantages result

from normalizing the data. If Z represents the normalized X

matrix then Z'Z is the correlation matrix and can be

displayed to provide the analyst with additional information

about the data. The coefficients which are directly

estimated using the normalized data are referred to as the

beta coefficients. The beta coefficients have the
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advantage of being independent of the units of measurement

of the original data. This program displays both the

standard regression equation coefficients and the beta

coefficients.

Other standard statistics calculated and displayed are

the ANOVA table statistics, R-square, adjusted R-square,

standard error of estimate, partial-F for the coefficients

and standard error of the coefficients. Each of these

statistics with the exception of the adjusted R-square

statistic is discussed in detail in Draper and Smith [Ref.

20]. The adjusted R-square statistic is discussed in

A .Intriligator [Ref. 21].

A perhaps not so standard feature of this program is a

display of the diagonal elements of the hat matrix. The hat

matrix is defined as X(X'X)-1x', where these symbols have

the same meaning as given earlier. The diagonal elements

of this matrix give a measure of the influence or leverage

of the ith observation of the response variable on the

corresponding fitted value. Large values are indicative of

high leverage observations and may indicate that these

observations are outliers. Hoaglin and Welsch (Ref. 22]

give as a rule of thumb for 'large' values, any value in

excess of twice the rank of the hat matrix divided by the

number of observations. All diagonal elements of the hat

matrix are displayed and large values are highlighted.
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This program allows the user to regress the dependent

variable on all or any subset of the independent variables.

It is therefore possible for the user to use various

algorithms for selecting the 'best subset' of. arriers.

The final feature of this program is a plot of the

estimates of the response variable against the residuals.

According to McNeil [Ref. 23] and other recognized

authorities in the field of data analysis, such a display of

the residuals is one of the best tools in existence fGr

obtaining a measure of the overall fit of the data to the

model.

The regression procedure contained in this program was

tested against the Portland Cement example contained in

Draper and Smith (Ref. 24]. The data are thirteen

observations of a response variable and four carrier

variables. This regression was completed in 48 seconds.

The estimated regression equation coefficients and all

statistics agreed with the reference to a minimum of three

decimal places and in most cases four or more decimal

places.

G. PROGRAM 6

Program 6 is the last program in this package and

contains ANalysis Of VAriance (ANOVA) procedures. The

algorithms for the ANOVA procedures were taken from Duncan

[Ref. 25] who makes the claim that ANOVA is one of the most
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powerful tools in statistical analysis. He further states

that the basic procedure of ANOVA consists of classifying

and cross-classifying some statistical result of interest to

determine if a specified classification is statistically

important in affecting the result. A potential application

of ANOVA was given in an earlier section of this paper.

It was attempted to include as much flexibility in the

ANOVA procedures contained in this program as feasible.

One, two and three-way classification of the statistical

result of interest is allowed. The one-way classification

procedure allows up to ten levels of the classification

(ten ranks in the example presented earlier) and up to

twenty observations at each level. The program also

accomodates an unequal number of observations at each level.

The two-way classification ANOVA procedure allows ten levels

of each classification and up to ten replications. The

three-way classification again allows up to ten levels of

each of the three classifications but due to computer memory

limitations does not allow for replications. The two- and

three-way classification procedures calculate interaction

statistics as well as the main classification statistics.

All three procedures are accurate to a minimum of three

decimal places.
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IV. CONCLUSION

When microcomputers were first introduced only a few

years ago, they were widely perceived as interesting toys

used primarily for video games. This perception is rapidly

changing and today microcomputers are increasingly accepted

as serious tools for many small business applications. Just

as the military services have adopted electric typewriters,

photo-copy machines and other modern office machinery, it is

not hard to imagine that relatively inexpensive microcomput-

ers will also be adopted and find their way to all levels of

command. A popular commercial application of microcomputers

is in the area of wordprocessing. It may well be that this

will be the initial application of microcomputers in the

military services. Whatever the intended application might

be, the end result will be ready access to a high degree

of computational power.

If this potential ready access to computational power is

to be put to use by the military officer trained in

specialized areas such as operations research, then it is up

to these officers to develop the specialized software.

Specialized software for microcomputers has been the subject

of this thesis. It has presented a software package

containing some of the basic statistical analysis tools

required for effective analysis work. Many areas of interest

to the trained analyst have not been addressed. Other recent
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efforts in this direction are addressed by Morgeson [Ref.

26] who developed a similar package for the Apple II Plus

microcomputer and Duff [Ref. 27] who has developed a network

optimization package for the same microcomputer. Additional

efforts in the development of statistical analysis software

are highly recommended and encouraged.

I4
.1
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APPZNDIX A

ACCURACY COMPARISONS FOR PROBABILITIES

NORMAL DISTRIBUTION

PROBABILITY

STATISTIC APPROXIMATION TABLED VALUE

0.00 .5000 .5000

0.25 .5987 .5987

0.50 .6915 .6915

0.75 .7734 .7734

1.00 .8413 .8413

1.25 .8944 .8944

1.50 .9332 .9332

1.75 .9599 .9599

2.00 .9772 .9772

2.25 .9878 .9878

2.50 .9938 .9938

2.75 .9970 .9970

3.00 .9987 .9987

3.25 .9994 .9994

3.50 .9998 .9998

3.75 .9999 .9999

4.00 1.0000 1.0000
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CHI-SQUARE DISTRIBUTION

PROBABILITY

STATISTIC D.F. APPROXIMATION TABLED VALUE
7.88 1 .9950 .9950

5.99 2 .9500 .9500
1.21 3 .2495 .2500
3.36 4 .5005 .5000/ 9.24 5 .9001 .9000

2.18 8 .0250 .0250
3.57 12 .0100 .0100
27.5 15 .9751 .9750
34.8 18 .9900 .9900

10.1 19 .0496 .0500
9.59 20 .0250 .0250
33.9 22 .9497 .9500
34.4 25 .9004 .9000
27.3 28 .4990 .5000
49.6 29 .9900 .9900
47.0 30 .9751 .9750
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STUDENT's - t DISTRIBUTION

PROBABILITY

STATISTIC D.F. APPROXIMATION TABLED VALUE

31.821 1 .9900 .9900

1.886 2 .9000 .9000

.271 4 .6001 .6000

3.365 5 .9900 .9900

1.943 6 .9500 .9500

1 .703 9 .7501 .7500

j 2.228 10 .9750 .9750

4.140 14 .9995 .9995

1.341 15 .9001 .9000

.257 19 .6000 .6000

2.086 20 .9750 .9750

2.492 24 .9900 .9900

3.725 25 .9995 .9995

1.311 29 .8999 .9000

2.750 30 .9949 .9950

1.684 40 .9500 .9500

1.296 60 .9000 .9000

3.373 120 .9995 .9995

I

51



F - DISTRIBUTION

PROBABILITY

STATISTIC D.F./D.F. APPROXIMATION TABLED VALUE

647.80 1/1 .9750 .9750

198.50 1/2 .9950 .9950

53.59 3/1 .9000 .9000

5.79 2/5 .9501 .9500

21.92 4/6 .9990 .9990

4.24 5/10 .9751 .9750

5.76 6/12 .9950 .9950

1.93 8/25 .9001 .9000

2.16 10/30 .9495 .9500

3.64 12/40 .9990 .9990

2.06 15/60 .9749 .9750

2.09 24/120 .9950 .9950

5.23 10/3 .9000 .9000

46.76 15/4 .9990 .9990

5.17 20/6 .9750 .9750

2.63 30/30 .9950 .9950

63.06 120/1 .9000 .9000
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APPENDIX B

ACCURACY COMPARISIONS FOR PERCENTILES

INVERSE NORMAL D- TRIBUTION

PERCENTILE

PROBABILITY APPROXIMATION TABLED VALUE

.0005 -3.29 -3.29

.0102 -2.32 -2.32

.2514 -0.67 -0.67

.4960 -0.01 -0.01

.5199 0.05 0.05

.6554 0.40 0.40

.7549 0.69 0.69

.9015 1.29 1.29

.9251 1.44 1.44

.9750 1.96 1.96

.9901 2.33 2.33

.9951 2.58 2.58

.9990 3.09 3.09

.9995 3.29 3.29
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INVERSE CHI-SQUARE DISTRIBUTION

PERCENT I LE

PROBABILITY D.F. APPROXIMATIPN TABLED VALUE

.500 1 .455 .455

.950 2 5.99 5.99

.025 3 .216 .216

.990 5 15.1 15.1

.005 8 1.34 1.34

.975 10 20.5 20.5

.010 12 3.57 3.57

.900 15 22.3 22.3

.995 20 40.0 40.0

.750 22 26.0 26.0

.025 25 13.1 13.1

.975 28 44.5 44.5

.100 30 20.6 20.6
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INVERSE STUDENT's - t DISTRIBUTION

PERCENTILE

PROBABILITY D.F. APPROXIMATION TABLZD VALUE

.9900 1 31.840 31.821

.9500 2 2.920 2.920

.0250 3 -3.182 -3.182

.7500 5 .726 .727

.9750 10 2.229 2.228

.9995 15 4.073 4.073

.0500 18 -1.734 -1.734

.9000 20 1.326 1.325

.6000 25 .256 .256

.2500 28 -.683 -.683

.9995 30 3.646 3.646

.0100 40 -2.424 -2.423

.0005 60 -3.460 -3.460

.9950 120 2.618 2.617
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INVERSE F - DISTRIBUTION

PERCENTILE

PROBABILITY D.F./D.F. APPROXIMATION TABLED VALUE

.975 1/1 647.50 647.80

.995 1/2 198.10 198.50

.900 3/1 53.61 53.59

.950 2/5 5.79 5.79

* .990 4/6 9.15 9.15

.975 5/10 4.24 4.24

.995 6/12 5.76 5.76

.900 8/25 1.93 1.93

.950 10/30 2.17 2.16

.990 12/40 2.67 2.66

.975 15/60 2.06 2.06

.995 24/120 2.09 2.09

.900 10/3 5.23 5.23

.975 60/20 2.23 2.22

.995 30/30 2.63 2.63

.900 120/1 63.34 63.06

.950 120/120 1.35 1.35
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COMPUTER LISTINGS

CONTROL MODULE / INSTRUCTIONS / PROGRAM SELECTION MENU

I0RE *e. INSTRUCTIOKS/PROGRAM SELECTION SUBROUTINE
20 IF 1900 GOTO 1000ELSE CLEAR
30 RANDOM
40 CLEAR 350
50 DIM X(201),T(201),NI(15)
60 DEFINT I-K : DEFSTR 2
65 LBr"CHR$(123): RBSOCHRS(125) : MBS=CHR$(176): BLSCHRS(252)
70REN -** INSTRUCTIONS ***
S0 CLS : PRINT TAB(20);'STATISTICAL ANALYSIS* : PRINT T&B(23);°by I. P. Isbell : PRINT TAB(I "Naval Pe
stgraduate School, Monterey, Ca."
90 IF 1900 GOTO 290
100 PRINT: PRINT" This program is the first of six 'cauned I programs im
110 PRINT"this package. It contains the first set of statistical analy-"
120 PRINTsis subroutines and also serves as the control module for the'
130 PRINT"package. This program must always be loaded first as it accom-"
140 PRINT"plishes variable definition, dimensions arrays and, most uipor-"
150 PRIXNTtantly, positions the variable pointer to allow subsequent •
160 PRI T"programs to be lpaded without loss of variables. If at any "
170 PRINT"time it becomes necessary to interupt program ezecution and re-"
190 PRINT"issue the RUN comnand, the aCtion must be taken with Program 01"
190 PRINT'ita. this program) loaded."
200 PRINT : PRINT" Press the SPACE BAR to display additional information.";
210 IF IK1ETS " 1 GOTO 210
220 CLS : PRINT" Data input for programs 01 thru 04 is acmplished in pro- gram 01 and is limited to & data
vector of 200 observatians. All data and variables are saved as you switch baci and forth between the first fa
u" programs."
230 FRINTPRINT" When either program 05 or program 04 is loaded all crrnt vartAbles are dred in orer t
a provide sufficient memory for the multidimensional data arrays used by thee programs. Any"
240 PRIXNTdata which was entered in program 01 that you want to retain should be saved to toe prie to loo
ng either of the last two programs.
250 PRINT 0896,"PRESS SPACE BAR TO DISPLAY PROGRAM SELECTION MDIVU"
260 IF INKEYSO" " OTO 260
7701,.1:REM ** PROGRAM SELECTION MENU es*
280 CLS : PRINT TAB(20);*PROGRAM SELECTION MENU"
290 PRNT 0129,"01 Data I/O. Transformations, Prob. & Inv. Prob. Distributions=UnRINT
300 PRINT e2 Sample Stat's. 7-Hum-Sum, Data Plots':PRINT
310 PRINT*03 Pawametric Tests of Hypotheses & Confidence Intervals"PRIT
320 PlaNT"04 Robust Estimates and Confidence Intervals"LPRInT
330 PINT"05 Multiple Linear Regressian" PRINT
340 PERNT 06 Analysis of Variance"
350 KP,696 : 156 : GOSUB 500
420 IF 10,1 GOTO 1000
430 IF 10w2 THEN ZT=uI" " GOT0 450
440 IF IO'3 OR 10-4 THEN ZT=*2" ELSE ZT=*3"
450 IF 10,3 OR 10=S THEN 10aI, ELSE 10=2
460 CLS I PRINT"INSERT TAPE *O;ZT;" INTO ESF-O AND PRESS SPACE iAR"
4701F EYSO" " 00"0 470
400 OLOAD O
500REM *.e OPTION SELECTION SUBROUTINE so.
510 PRINT 9KP5.'OPTION DESIRED ";LBS;MBSR$;
920.-rZINXEYS : IF :1=" THEN 520EL5E ZOVALI)
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130 If 10(1 OR IO}KS THEN PRINT GKP. BL; PRIXT GKP ,.ea NOT A VALID OPTION o-61 M0R lot TO 100
0 1 NEXT : PRINT OKP0 BL;: GOTO 510
$40 RETURN
600 PRINT 0KP+5.LBS;" ";L$- or ";RS;' *:RBS;" ";LBS;MD;RBI;
410 WOINCEYS : IF 10m" THEN 610ELSE PRINT CIPl8,Z0;: FOR I-I TO 100 : NEXT
420 IF ZO)LS AND ZQQCHR%(ASC(L)-32) AMD ZOiORS AND .QOCHR$ASCRS)-32) TEEN 6W
430 RETURN

PRGRAM 01 MENU

10RCREM tso PROGRAM 01 0e0
IOIOREM *** MAIN MENU te.
1020 CLS: PRINT TAB(20);'*** MENU cce-
1030 PRINT 0128.'(1) Data I/O
1040 PRINT"(2) Data Transformations

,1050 PRNT(3) Probability Ditrilbutions

1060 PRINTI(4) Inverse Probabilty Distributions
1070 PRINT"(S) Return to Program Selection Menu
1060 IP-704 : KS-5 : GOSUB 500
1150 IF 14-1 AND 10=2 OR 14-0 AND INo. AND 102 PRIKTQ7OT4HR$(253);PRINT 0704,TNR IS 30 DATA T
0 TRANSFORM'::FOR IsI TO I S O:NEXT:PRINT 9704,CHR$253WGOTO 1060
1160 ON 10 GOSUB 2000, 35009 5000, 5200, 270
1170 00T0 1020

DATA INMPU / OUTPUT"

9 200OREX too DATA INPUT/OUTPUT SUDROUTINE
21OCLS:PRINTGII,s*.DATA INPUT/OUTPUT***
2020 PRINT:PRINT:PRINT"MENU:"
2030 PRINT' (1) Input Data via Keyboatrd
2040 PENT' (2) Input Data via Tape
2050PR INT' (3) Input Summary Statistics ONLY
2040 FRINTO (4) Create a randam sample u~ng ranaom number generator' PRINT (for dwoomstvatin purp

2070 PRINrT (5) SAVE data to tape
2060 3w.768 : KS-S 0OSUU 500
2100 IF 10=I OR IOo2 THEN I5aI ELSE 150
212003 10 GOTO 2200, 2700, 2900, 4000, 3300

INPUT DATA VIA KEYUOARD

2200RD( *** INPUT DATA VIA KETBOARD cc.
2210 CLS : 14=0
2220 PREWt"To end data Input "t press ENE in response to prompt'
223013N-0
2240 PRINT
20 X " : PDINT'Enter X("'IN* '1);T:lNJT X$
2260 IF X-'" GOTO 2310
2270 TSwLZT1(X,I) : IF TW,'0" OR TWI'1" OR TI'2" OR T$-'3 OR TI-'4" OR TS-'5" OR T'6" Olt TS-'7' OR
T,,'" OR T*-'9" OR TS,'.' OR Ts-'-" OR TW,'.' 7R GOTO 2290
2290 PRINT'Renter last value* : GOTO 2250
2290 Iw1N-iI : X(IX)VAL(X$) : Ta)=x(i)I
2295 IF IN=I THEN 2250 ELSE IF X(INKX(13-1) THEl 5.0
229 IF 1X)199 THEN 2310
2300 GOTO 2250
2310 PRINT: IF 11-0 TUEN PRlNTNO DATA ENTERED'; ELSE IF1 21- PRINAALYIIX CAN NOT N PMOKO
ED O2 A SAMPLE OF 1* ELSE PRINTINumbor of data points -f l : FOR 1=1 TO 00 INXT
2320 FOR i-IN+I TO 200 X(I)O : T(a),X(I) : NEXT
2230 IF 11.0 TEEN RETURN ELE IF Z1-. TEN 12-0: RETURN
2340 IF 1-1 GOTO 300
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24003KM SELSORT ROUINE *
2410 CLS: PRINT 048.S,.. ORDERING DATA e
2420 IF IN>3 COTO 2510
2430 IF IXN3 GOTO 2460
244017F X(1)>X(2) THEN XTsX(1): XtlaXQ2) X(2)WXT
2450 GOTO 2500
2460 IF X(1))X(2) THEN XTsXt2) : 1Xw X1: XC1)mXT
2470 IF X(2>X(3) THEN XTEX3)Z X(3aXW2 : X(2)=XT
2400 IF X11)X(2 THEN XTzX2): X(2)=X(t) : X(ZDuXT
2500 FOR 1-1 TO IN :YaI)-X(I) NEXT I I 00102660
2510 IMmINT LOGdlN)/LOG(2n-1

25301 X H

25603JaI.
2570 I OO22
2560 IF XT- X(J) GOTO 620
2590 X(J+K) a X(J) : Y(J+K) a Y(J)

2610 OOTO 2570
2M2 X(3.1) a XT : Y(3.IC) a T
2430 NEXT 1
2440 K a (K - D/2
2630! HF R I GOTO 2530
2640 OOSUU 3600
2670 RETURN

DO"U DATA VIA TAPEi 27003KM 0*0 INPUT DATA VIA TAPE #*e
2710 CIA : 14=0 : PRITlnwt DATA TAPE into ESF-60
2720 PRINT : PRIXNPrets SPACE BAR after insetng the tape*

2MIF IXKZYI 0* 4 OcTa 2730
2740 PRINT : INPUT 'Enter Data File $*IFI
2750 GOPEN Fl
27601st
2770 SINPUT XII)

2M IF lot THEN 2990 ELSE IF XIIKXII-1) THIN 15.0
2790IF X(10"""99 GOTO 2810
29000Im.+.1: GOTO 2770
2B10 OCLOSE
2320 IN-I-l I PRINT : PRININUMER OF DATA POINTS =00-1 FOR lot TO 150: NET IF 15.00T 00?
0 2410ELSE GOTO 3900

INPT UMAR A TISTCS OLY

290IMM *ec INPUT SUMMARY STATISTICS ONLY*e
2910 1461 : CLS : PRINT TABUQ0rSUNART STATISTICS INPU Z
2920 PRINT :INPMTSamle Size"IN : IF IN-I OR IN-0 0010 2310
293 PRINT 0192.*1s sample assumd to be froms an Exponential Distributin
2940 04454 .3 L~ayl : Rsen, : GOSUB 600
29W0IF Z0mW OR 20o.N GOTO 29903LSZ PRINT 0192,8111 you enter *1LUSMOMre. or Exponential Par&
meter 10.6MM3.nd"

29 7 I?~mO OR ZOIMI THEN PRINT '. INUInter Mee m :X3 I VtuKeX3D V1 VM~ 303170
2M6 PRINT: U IPUT~nter Lambda;XB: XU-I/ID : VlnX3.X3 I YVIV : 0010 3170
2990 PRINT 0192. Is the mmle ass~me to be from a ernoulli Populatin
3000 KP825 SO4I OCU 4~'' 0 00
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3010 IF 2Ol*nl OR 208a*" THEN COTO 3030ELSE PRINT PRINT*Enter number of occurrences out of":IN;"trtals"
::INPUT XB : IF XB>IN OR XB 0 COTO 3020ELSE IF XBDINT(XB) GOTO 3020ELSE XBaXB/IN : VI=XB*(t- XB):
VaVi : OTO 3170
3020 PRINT 0192,CHR$(92""O) : PRINT (0192,'YOU MUST ENTER AN INTEGER FROM 0 TO*;IM : PRINT: FOR lt TO
2000 : NEXT: COTO 3010
3030 PRINT Q192,BLs : PRINT : PRINT 0192,:INPUT'Sample Mean*:XB
3040 PRINT : PRINT"Will you enter variance or std. deviation'"
3050 KPx39 . LS-v" . Rsxd" I GOSUB 600
3060 IF ZOa'v" OR ZGu"V" THEN V$o"Sanple Variance" ELSE VS-'Sample Std. Deviation*
3070 PRINT : PRINT VS;:INPUT SV
3060 IF V,,Sample Variance" THEN GOTO 3100ELSE VI-SV*SV : VaI(IN-1/IN)*V1
3090 COTO 3170
3100 PRINT"Is the sample variancel ";CHR$(123);"1";CHR$(125);" the M.L.E. (ie. I/n)
3110 PRINT" ";CHR$(23);'2",CHR$(l25);" unbiased estimator (i.e. I/n-I)
3120 PRINT G640,"SELECT APPROPRIATE ESTIMATOR -;CHR$(123);" ";CHR$125)
3130 ZUIINKEYS : IF ZIG"" COTO 313OELSE PRINT 0670,ZI:FOR ItI TO 100: NEXT

SI 3140 IF ZIC)"t" AND Z10-2- THEN PRINT 0670," -;:GOTO 3130
3150 IF ZI**l" VaSV : V I(IN/(IN-1))eSV
3160 IF ZIn'2" THEN V1=SV : V-((IN-I)/IN)SV
3170 CLS: PRINT"When summary statistics are entered in lieu of data. several subroutines are not Available.
These include:"
3180 211CHRt I23),'22uCHR$(125):PRINTPRINT" ";21;" Data Transformations "32 : PRINT" ",1;" Five flume

r Summary "l2 2: PRINT" ";Zl;' All Data Plots "2 2: PRINT" ";1" All of the Subroutines in Prog. 04 "'22'I 3190 FOR tat TO 200 : X(I-0 : Y(I)-O : NEXT
3200 PRINT Q896,"PRESS SPACE BAR TO CONTINUE"

3210 IF INKEY$0" " OT0 3210
3220 RETURN

SAVE DATA TO TAPE

3300REM *** SAVE DATA TO TAPE see
3310 CLS PRINT*INSTRUCTIONS."
3320 PRINT" (1) Insert DATA TAPE
333 PRINT" (2) If you use a blank tape then FILE 0 will be 1
3340 PRIN?" (3) IF the tape is not blank then the FILE 0 must be
3350 PRINT" the number of the last data file recorded PLUS I
3360 PRINT: PRINT "When the tape is ready press SPACE BAR
3370 IF INlETS 0" GOTO 3370
3380 PRINT: I PVU"Enter FILE *"20
3390 Y(IN+1 In99.
3400 GIOPEN 10
3410 FOR Ial TO IN+l
3420 WPRINT T(I)
3430 MEXT I
3440 9CLOSE
3450 PRINT IN;*data points recorded as DATA FILE 0";IO FOR II TO 2000 3 NEXT : RETURN

2ATA TRANSOU]ATIC)

3500REM ### DATA TRANSFORMATION SUBROUTINE
3510 CLS PRINT TAB(22)ODATA TRANSFORMATIONS"
3520 PRINT : PRINT "MENU:" : PRINT"(I) NO Transformation
3530 PRINT*42) Square Root Transformation
3540 PRIT"(3) Cube Root Transformation
3550 PRINT9'4) Logarithmic Transformation
3560 PRINT : PRINT" NOTE II Other transformations must be made before data entry
3570 PRIM? NOTE 2: Raw data may be recovered by returning to this sub-
3560 PRIM?" routine and selecting Option
3590 PRINT NOTE 3: Option 2 w&ll not work with negative data and option 4 rqures all data great
i thn iro
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S400 KP-i . KS - 4 : OOSU 500
3410 CLS : PRINT'EXECUTING TRANSFORMATION OPTIOMr;I0
3420 FOR lot TO IN
3430 ON 10 GOTO 3640, 3650, 3670, 3690
34 Y(I)X(I) : GOTO 3710

3450 IF X(I) < 0 CLS : PRINT'CAN NOT TAKE THE SQUARE ROOT OF NEGATIVE DATA! I FOR J-a TO 2000 RE
XT J I GOTO 3500
3660 Y(I)-SOR(X(I)) GOTO 3710
3670 Y(I)-ABS(X(I))C.3333333 : IF XI) c 0 YW-Y(I).-1
340 GOTO 3710
3490 IF X(I) <a 0 CLS : PRINT'CAN NOT TAKE TUE LOG OF DATA LESS THAN OR EQUAL TO ROo FOR Jul T
O 2000: NEXT J : GOTO '_500
3700 Y(I)-LOG(X(I))
3710 NEXT I

CALCULATE SAMPLE STATISTICS

300REMO** CALCULATE SAMPLE STATISTICS ee
310CLS:PRINTQ454,.'oITIALIZING DATA BASE*"
3620 SMaO : SUMG : 92.0 : FOR I-1 TO IN : SMnSM.Y(I) : DVOYCI)-SUM : SUM-SUM+DV/1 I S2=S2+DV 9 (TCI)-S.

)INEXT
3630 XB-SM/IN : VI-S2/(IN-I) : V.S2/IN
3840 01.0 : GZO : FOR l1 TO IN : G1-Ot#(YWD-XB)C3 1 G22+(T)-XB)4 : NEXT I : 0O-G.I/l r 1.5 2(02
/IWVC2)-3
350 RETURN

RADOM NUMBER GENERATOR

4000REM *** RANDOM NUMBER GENERATOR SUBROUTINE
4010 CLS : 140: PRINTII8,"RANDOM NUMBER GENERATOR'
4020 PRINT : PRINT ' PRINT*Distvibution Options:"
4030 PRINT* (1) Normal
4040 PRINT" (2) Uniform
4050 PRINT" (3) Exponential
4060 PRINT' (4) Bernoulli
4070 KP, 45 I KS4 G OOSUB 500
4060 PRINT0704,'; : INPUT*How many random numbers do you want";IN
40 IF INHOI THEN PRINT 0440, CHRS(250) : PRINT 40,1WHAT? ... Please request a sa ple size of at least 2
0 1 GOTO 4060

4090N 10 GOSUB 4300, 4400, 4400, 4700
4100 CUS : PRINT'Da you want to see the random sampl 1. ;:L$=y : R-On KF*35 : OW 600
4110 IF 10-'n* OR ZQN* THEM 2410ELSE PRINT
4120 J-
4130 FOR l1 TO IN
4140,TT3.3 hIFT ) 5 PRINT "
4150 IF JT > THEN 3o1
4160 PRINT USINO'e"**eee,.eo':XtI);:PRINT" ";
4170 IF INTa/50)l/50 GOTO 4190
4160 OCTO 4210
4190 PRINT : PRINT"PRSS SPACE BAR TO DISPLAY NEXT SET OF NUNBERS"
4200 IF INRMOY 0 "GoTo 4200
4210 NEXT I
4220 PRINT : PRINrTPruss SPACE BAR to contflnu
4230 IF INlETS O 0OTO 4230
4240 GOTO 2410

4=01= *#* NORMAL RG
4310 CL : PRIXmr 910,*NORMAL RANDOM NUMBERS BY BOX-MUILER METHOD
4320 PIUNT : PRINT
4320 INPUr'what is the mefanM%,
4340 INPUTOW at is the vanows"';VAR : SIOMAoOR(VAR)
4350FOR In TO IN STEP 2
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4340 UIuRND(O) 2 U2=RHDWO)
4370 XII)-SOR(-2LOIUI).C0S(6.2315U2):XI)nXI)SIMA *MU 2Y(I)OX(I)
4380 X(141 *SGR(-2eLOG(U I )251N(4.28315.U2:X(1~t -XEII.SOMA + MU : Ya.: 1. 1l~)
4390 NEXT I
4395 RETURN

4400REMott UNIFORM RUG #*.

4420 PRINTQ20*"UNIFORM RANDOM NUMBERS*
4430 PRINT: PRINT : PRINT* (I) Continejous
4440 PRINT* (2) Uniform Integers
4450 KPu384 *: ICSuZ: GOSUD 500

* 4460 PRINT: INPUT" Enter Lower Luut";LL
4470 INPUT*Enter Upper Ljmit*;UL
4480 ON 10 COTO 4490, 4540
4490 FOR let TO IN
4500 XI. ND(0.*UL-LL. LL
4510 Y(I)nX(I)
4520 NEXT I
4530 RETURN
4540 FOR In ITO IN
4550 XW.)INT(RND(0.(tUL-LL) + LL): IF X(I 0 LL. THEN XWI)XW.1+
4560 YW(I)a
4570 NEXT I
4580 RETURN

4600REM ** EXPONENTIAL RUG #**
460 CLI 2 PRINT GIV.EXPONENTIAL RANDOM NIIMDERS*
4410 PRINT 9128,WU1l you enter the Exponential Parameter Lambda or tte Mean* VhKxI92 2 LI."!' I R$uml G00
SUB 40
442017 Qu9P OR 10L. THEN ZP%'Laebda ELSE 1Pu'Meat
4630 PRINT (3254,"Entev flP:INP1T MU
4440 IF Zl~mbda" THEN MUu I1/MU
4650 FOR lot TO IN
4440 UIND(0O)
4470xaW. -MU # LOO(UI)
4410 TW(I)a
4490 NEXT I
4495 RTURN

47ORw see DERKOULLI RUGcc
4710 CLI
4720 PNWG159,U2NOVLLI RANDOM NUMBERS
4730 PRINT !INPUT'What is the p ch Ility, of succss on a single tvialGIM
4740 ?OR lot TO IN
4750 XtW)RND(0)
47401IF XII) (= PS THEN Ilalmi ELSE 1(11.0
4770 NEXT I
476 RETURN
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PROBABILITY DISTRIBUTIONS MENU

500OREM ete PROBABILITY DISTRIBUTIONS SUBROUTINE
5010 CLS : PRINT TAB418)PROBABILITY DISTRIBUTIONS
5020 PRINT:PRINT: 12-0
5030 PRINT"MENU:"
5040 PRINT(1 Normal Distribution
50 PRINT'(2) Binomial Distribution
00 PRINT(3) Negative Bmarial Distribution

5070 PRINT"44) Poisson Distribution
s060 PRINT(5) Exponential Distribution
5090 PRINT"(6) Chi-Square Distribution
5100 PRINT*(7) Student's - t Distribution
5110 PRINT"(8) F-Distribution
5120 KPg : KSz8 : GOSUB 500
5130 ON 10 GOSUB O0W,7000,8000,"0W,10000,1 1000,12000,13000
5140 IF ZO2 OR IO.3 OR 10a4 OR 10•5 THEN RETURN
5150 PRINT : PRINT : PRINT "Prob. ( X (-';PX;') a '; : PRINT USINO'.#ee#';FOX
5160 PRINT 'Prob. ( X > ";PX;*) = "; : PRINT USING-*.*e*#e-:OX
5170 PRINT 0960," Run Again or Quit?*;: 1Pw978 : Ltsr" : R$u'q" GOSUB 600
5180 CLS :120 : IF ZO"r" OR ZQ-uR" GOTO 5130ELSE RETURN
5190 GOTO 1020

INVERSE DISTRIBUTIONS MENU

500REN -ee INVERSE DISTRIBUTIONS ee
5210 CLS : PRINT TAB(IS)rINVERSE PROBABILITY DISTRIBUTIONS
5220 PRINT G192,"MENUM:PRINT(I) Inverse Normal
5230 PRINT*42) Inverse Chi-Square
5240 PRINr(3) Inverse Student's - t
S250 PRINT'(4) Inverse P
5260 PRINT'(5) Inverse Exponential"
5270 KP940 1 .5, D GOSUB 500

280 12"0
5290 N 10 GOSUB 14000, 15000, 16000, 17000, 18000

00 IF ions GOTO 350
5310 PRINT : PRINT "For FPI) a Prob. ( X <a z w*-PR
20 IF X"234 THEN PRINT "x a infinity" ELSE. IF X.9E-36 PRINT " u - infinity"

53M0 I XQw9E36 OR X-9E-36 THEN GOTO 55
540 PRINT 0% a 61: IF AS(XQ)>1000 THEN PRINT INT(XQ) ELSE IF ABS(X)100 PRINT USINO"O@O"43.MX EL
$2 IF AB8(XG)10 PRINT USINOOo*.#*I;XQ ELSE PRINT USINO'ee.#*e*;XQ
550 PRIT G960," Run Again or Quit";: L,r" : RSumq* : 1Pw976 : GOSU 600
5360 IF ZOR OR Zal'v" OO 5280ELSE RETURN

N1l8MAM. I MMIUTO

4000MM too NORKAL DISTRIBUTION SUBROUTINE
4010 IF 12.1 OTO 6070
4020 CLWUT 020,NORMAL DISTRIBUTION"
6030 PRXWT:INPVT'Enter Mean";M11
640 IPUEntr Varian MAR

50 IF VA ,,O PRINT='" ERROR eo ";VRI NOT A VALID VARIANCE"GOTO 6040
6060 INPU'T"Enter Normal Statistic z ";IX : IF I2-0 THUN PX-NX
6070 SDSOR(VAR)
46M0 X-OIX -MU)/SD:AXABS(XX)
6090 XZ..39S9423*EXP((-AX*AX)/2)
6100 NTnt/(1*.2316419*AX)
6110 GOX.XZ*((.3193615eT)-(.354638eKT[21.I.7U1471eNTt3)-(1.82126*NT[44.1 .330274*NT5))
6120 11 X0 GOTO 6150
6130 FOXw1-QOX
4140 RrIpURN
6150 FOX-0X
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4160 QOXU -FOX
4170 RETURN

BINOMIAL DISTRIBUTION

7000REM*ot BINOMIAL DISTAIBUTION SUBROUTINE eo
7010 IF 12=1 GOTO 7330
7020 CLS: PRINT TAB(20)*BINOMIAL DsainRIBUTION
7030 PRINT
7040 PRINT' The normal scenario for the Binonial Distrbutiaon is P0
7050 PRIMT'oaccrrencs out of N trials wh oe P Is the probabillty
7060 PRINrof occurrenc, on a single trial.
7070 PRINT: IMPUT"Enter H*:N
7060 IF N0 OR NHINT(N) THEN PRINT.. ERROR #* N MUST BE A P0SIVE INTEGEROOTO 7070
7090 INPUT"Enter P ;PB
7100 IF PBul THEN PRINT°THE PROBABILITY OF"N;"OUT OFr;Nr 1.0":GOTO 5170
7110 IF PB0 THEN PRINT*tHE PROBABILITY OF 0 OUT OF"mr;*= 1.0":GOTO 5170
7120 IF PB(0 OR PB)X THEN PRINT**. ERROR *# ';PB;*IS NOT A VALID PROBABILITY":GOTO 7040
7130 INPUT'Enter P";XK
7140 E=XX7150 IF K(0 OR KOXX THEN PRINT"- ERROR #* X MUST BE A POSITIVE INTEEOR':OO T O 7130

7160 IF KA THEN PRINT*THE PROBABILITY OF ';X;" OUT OF *;No* a 00*OTO 5170
7170 IF KEO OR N-K THEN BCaI : GOTO 7240
7180 IF K(0 THEN PR=O ; GOTO 7250
7190 TBsN sD BuK
7200 IF N120 GOTO 7230
7210 OOSUB 7740
7220 OOTO 7250
7230 GOSUB 7430
7240 PR - BC # PBCEK (I-PB)COI-K)
7250 PRINT PRINTProb. of exactly';K;ooco rencas out ofo;N'#trials a ';:PRINT USINOG.0**O.;PR
7260 PRINT 0G90.Do you want Cumulative Probability ";: KP-992 LS-Oy" : R68*n" : GOSUB 600
7270 IF Z0,'n" OR ZQsN" PRINT 690.LS; GOTO 5170
7280 PRINT I INPUTEnter K:XK
7290 KaXI I IF K>N THEN OOTO 7160ELSE IF C<O OR KOXX PRINrTotERROR oCe K MUST BE A POSnTVIN
TEOERIOOTO 7280
7300 1 X0-45 GOTO 7330
7310 IF'PB).l AND PBC.9 AND PB*N5 THEN PRINTNORMAL APPROXIMATION WILL BE USZD" :GOSUB 7580
0OTO 7410
7320 IF PC-s.1 OR PB)-.9 THEN PRINTPOISSON APROXIMATION WILL BE UsED" : OOSUB 7660 GOTO 7410
7=0 PR=O
7340 IF K 0 GOTO 7410
7350 IF X ) N THEN PR-t : GOTO 7410
7360 FOR BBsO TO K
7370 TBu-N I GOSUB 7430
7380 PR-PR. BC * P3BB 0 (1-PB)CGI-B)
7390 IF P!13) GOTO 7410
7400 NEXT BB
7410 IF 12,1 RPETURK ELSE PRIT I PRIMT"Pob. of";Ko"or less a mrreime out of;16trials - ,lRINT USING"
840011R
7420 PRINT : 0070 7260
7430 BC.0 : B-O : BT•0 : SB8.3 : 03Bl.-33
7440 FOR B-l- TO TB
7450 IF S3)GB 0OTO 7510
7460 I SB >a B1 THEN BB * LOO(MI)
7470 IF 0 ) 1 GOTO 7530
7400 0F a BI THEN BC-B 1 00TO 7150
7490 BC-BC . 1.00l41)
71O OTO 7550
7510 IF 18) DI1 aHE 33 4 L+O(M)
7520 IF SB) B THEN OOTO 7150
7W0 IF a THBITENBC I 3OTO 7550
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7540 BC-BC * LOOIBI)
7550 NEXT BI
7560 BC-EXP(BC)
7570 RETURN
7r50 MU=PB
7590 VARx(PB 0 (-PB))/N
7600 NX-(K + .5)/N
7610 121
7620 GOSUB 6000
7630 12=0
7440 PRzFOX
7650 RETURN
7660 IF PS(-.1 THEN LAM-M.PB ELSE LAMNe(I-PB)
7670 T'I-17680 IF PB<-.: THEN NC-K ELSE NC=N-K-1

7690 12-1
7700 OOSUB 9230
77101I2-0

7720 IF PB)-.9 THEN PRII-PR
7730 RETURN
7740 REM ... NORMAL APPROXIMATION
7750 IF PB)m.9 AND (I-PB).N<5 THEN GOTO 7880
7760 IF PB<.I AND PB*N<5 THEN GOTO 7880
7770 MU-PB
7780 VAR=(PB * (1-PB))/N
7790 NX-(K.5)/N
7800 12-1
7810 GOSUB 6000
7820 PR-FOX
7830 NX-(K-.5)/N
7840 GOSUB 6000
7850 PIOPR-FOX
7860 12&0
7670 RETURN
7860 REM *00 POISSON APPROXIMATION
7090 IF PB .1 THEN LAM•NCPB ELSE LAM-N.(I-PB)
7900 TI-I
7910 IF PB(•.t THEN NCwK ELSE NC"N-K
7920 12sI
79M0 GOSUB 900
7940120
790 IF PI-.9 THEM PR-I-PR
7960 RETURN

NEGATIVE BINOMIAL DISTRIBUTMN

000REM*#* NEGATIVE BINOMIAL SUBROUTINE 0**
6010 IF 12-1 CTO 8170
6020 CLS : PRINT TAB(IS)NEGATIVE BINOMIAL DISTRIBUTION
600 PRINT : PRINT* The normaL scenaio for the Negative Binomial Distribution it'
6040 PRlxT'probability of exactly K failures prior to the Rth sums
6050 PRMITwhen the probability of succems an a single trial is P
6060 PRINT : INPT*Enter K1;XK : K-XK
6070 IF K<O OR KOXK THEN PRIT*9. ERROR .. K MUST BE A POSITIVE INTE0ER'OOTO 8060
6060 INPUT"Enter RN;RA
6090 IF RA<0 OR RAOINT(RA) THEN PRINT°* ERROR - R MUST BE A POSITIVE INTZOER1OOTO e06
0100 INPUT*Eter P;PB
6110 IF PBm0 THEN PRINTTNE PROBABILITY OF';K;'FAILURES PRIOR T0;RA;rSUCCUSES - .0MOTO 510
8120 IF P9I THEN PRINT*THE PROBABILITY OF*;K'FAILURES PRIOR TO';RASUCCESSES m 0.O0MT 5170

130 IF PIK0 OR P>l THEN PRINT6*t ERROR" •";PB;'IS NOT A VALID PROBABILITTOOTO 0100
6140 IF K-o AND RA•0 THEN PRINT : PRINT'" Reenter parameters'1OOTO 6060
6150 IF K-O THEN PR a PBCRA . GOTO 8200
6160 IF RA-O THEN PR - (I-P)CK GOTO 8200
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0170 TB*RA+K-1 1. BK
S190 005U3 7430
61"0 PRODC * PSCRA 0 (I-PB)CK
8200 PRINT: PRINT"Pr'ab. of &xactlyKMfailuves prtor tc*;R;succmse.
0210 PRINTis equal to -,:PRINT USING'*.* 000 PR
622 PRINT 0960,"Dc you want Cumulative Probability ";: KPm92: L~yl : R~mn : GOSUD 600
8230 IF ZG=aN ON ZGan THEN PRINT @960t BLS; : 0070 5170
6240 PRuO I PRINT:I INPUTEnter K';XK
825 KSXIK : IF ICO OR ICXIC THEN PRINT- ERROR -e K mUST BE A POSITIV iNTEOEW*.00T 024o

8260 IF 1.0 AND RA-O THEN PRINT : PRNT"... Rteenter paranwter*:GOTO 8240
9 2701IF1.0 THEN PRmPBERA 007 8OO330
6260 IF RA&O THEN FOR 1.1 TO K:I PR-PR+d1-P)CXI :NEXT: G0070833
6290 FOR 93.0 T0KI 630 TUmRA + BD 1 1. GOSUD 7430
6310 PRmPR + fDC *PDCRA # (1-PD)CDB)
632 NEXT BD
633 IF RAml ZX&"st' 0070 8360
6340 IF RA-2 ZX and* :OT 000360
63W IF RAz3 ZX*rd' ELSE ZXsthl
OW6 PRINT:I PRINT *Prob. of*.K."or fewer failure% prior to the*;RA; ZX;" su~ees*
6370 PRINT~is equal to *;:PRINT UsIXG0".....;PR
$=60PRINT: 0070 8220

9000REX -* POISSON DISTRIBUTION SUBROUTINE
9010 IF 12=1 0070 9090
902 Cii I PRINT TAB(20)*POISSON DISTRIBUTION
903 PRINT : INPJTEnter Rate (I&Mida)':LAN
9040 IF LAM<u0 PRINT** ERROR .. ENTER A VALUE > 0":00T0 903
9M5 IMPUTEnter tum period (t)"TI
9060 IF TI<=C PRINT** ERROR ** ENTER A VALUE ) 010OT0 9050
9070 INPUT"Enter nuffeer of ocaarvences*;KC
9"60 IF NC<0 OR NC<OINTCNC) PRINT"** ERRORe ENTER A POSITIVE INTEGER VALUE0OTO 9070

914 PR'-M eT

9100 PINT Q960,D yOou at140liv
9190 IFO ZQ-W TOR ZONC TE RN 9, 0057
f920 PRINT + LOGPurne lme o)cuvnnM

9220 IFm-LMT +C. THNP-XPO(LANTlOO -9330
9120 PR=EsO R
9240 IFO 11 RTN

9210 IF OIN OR. Wen RIT(90,BS O 7
927 PAM:D LOPI)Etrnne o ~recsM

990 IF .(-LTN) a.LOP(-LAM*TI))OT "WP
930 PRPRN EX(U

9M ONEXTI

4 93M0 PRUPR* + XP(-LAM*TI)
933 IF 1201 THEN RETURN
9340 PMNZt; PRINTProb. of'MCor fewe o~wrum
9M5 PRI~rin'Mrn1tk n iats * ;IRINT USING 00.0*e*PR
93W PRINT IGOTO 9160
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EXPONENTIAL DISTRIBUTION

IO000REM *a* EXPONENTIAL DISTRIBUTION SUBROUTINE
10005 CLS : PRINT TAB(20)'EXPONENTIAL DISTRIBUTION"
10010 PRINT I PRINT" An exponential distribution is often used in £ practica" 1: PRINT rolm to nrrment
the distribution of the time that elapses*
10015 PRINT"before the occrrence of some event. Perhaps the most comm*on
10020 PRINT"example is the interarrival times 'between renewals in a'
10030 PRINT*Poisson Process. A partiouarly nice feature of the exponmn-"
10040 PRINT'tial distribution is its memoryless property. That is, it is'
10050 PRINT'not necessary to consider past occrrences of an event in order'
10060 PRINT'to calculate probailiaties For Future occurrences of the event."
10070 PRINT: PRINT " Press the SPACE BAR to proceed.
10060 IF INKEYS O "GOTO 10080
14090 CLS

10100 PT"NOTE: nhle the parieters and answers am exprsed i terms'
10110 PRINT'of time. be aware th:t this is not the only context possiblS*

10120 CI PRINT *Tou may use either the Exponental Rate. LAMBDA (I/MEA) or m NJt 10130 KP,,384 ! L.S,'" : Rlsm" : GOSUB60

10150 PRINT : PRINT : PRIT'Enter "h:IF ZE" " OR ZE-'"L IXPUTILAIWA**LAN ELSQ JNPUT"'4EIJ
110160 IF LA(0 THEN PRINT"** ERROR - YOU MUST BTR A VALUE >, 0"OTO 10150
110170 IF E"0" OR ZE-'m" THEN LAPX-/LAC
10190 INPUT"Enter number of ti unts'm
10190 PRINT: PRINT"Prob. of "M' 'tuv units or Ue unt the nAet" : PRINTEGeR) is 1';RI0T usNi'04
*##*;I-EXP<-LAMBDA*TI) -
10200 PRINT : PRrHT*Prob, of more than-.TI;'t~m units until the next* : PR ocoxrwn* is Wo;PR]m USU]I00

11060 IF DF)30 GOTO 110

1109 0 I: OPRI 'EZ-Sc't t t oN"
1030 PRINT 0 T9O, L$ 2 tTE it20

11040- SIF CX ISRIT-EROR *CISURSTTSCMSTB>01 T)103

11120 IF 2XTHE X

11300 0 OR I- U RE RI TOR ENTERO MUITGE 1 010=
11010 IF I2DF GOTO 11 790

+' ~~~~~11090 DLPR N (,CUSUR ITiUiN

11050 FOIC 2XT 3. PO2- TP-
11160 0 180n r

11170 f F<-C O ORDFuIX(DF) THEN P

11140 I rU(2mD'30 OOTO 11170
11150 P'mQ(/X/.I53
11100 POR I-111F9T0 2SEP-
11110 PDI

11160 LCT
1110 MCMI
11200 D-0?
11210 DOtD12
11220 MCMC*CX/D
11230 IF MCC.00000 007011260
11240 LC-LCMC
112500070 11210
11240 F0LsCe*PLC
11270 0X01l-FOX
i1280 RETURN
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11290 14Xa(4CX/DF)C (1/3) - (1-(21(9.OF)DI)/SQR(2/(9*OF))
11300 MUmO :VAR= I : 12s 1
11310 GOSUB 6000
11320 RETURN

12000REM **. t-DISTRIBUTION SUBROUTINE

12010 IF 12sl COTO 12060
12020 CLS:PRINT Q20,"T-DISTRIBUTI0N"
12030 PRINT:I PRINT :INPUT"Enttf t-Statistic r *TI 12040 IMPUTEnter Dogrees of Frftedom"1)F
12050 IF DF~w0 OR DF0INT(DF) THEN PRINT"** ERROR. ENTER AN INTEGER)> 0':GOTO 1204'0

12060 IF TICO I1x ELSE M3ao
12070 IF MF)15 COTO 12500
12080 T1IETAxATl4(ABS(TX)/SQR(DFI)
12090 IF DF0 I COTO 12140
12100 AT=.636619e.THETA
12110 FOXu(AT+1D/2
12120 0OXm1-FOX
12130 COTO 124150
12140 IF INT(DF/2)*DF/2 COTO 12270
12150 IF DF=3 COTO 12420
12140 TSmO ; TPul ' TCaCOSITHETA)
12170 FOR Il TO INT(COF-3)/2)
12150 TP*TP02*I/(1+*I)
12190 TCTCECOS(THETA)C2)
12200 TSoTS*(TP*TC)
12210 NEXT I
12220 TSTSCOS(TIETA)
12230 AT-.4366198.(THETA(SIKCTHETA)TS)I
12240 FOX(AT+ £1/2
12250 001.1-FOX
12240 0010 12450
122701?F DPQ2 OTO 12320
12280 AT.SI(TRMfl)
12290 FOXw(AT41)/2
12300 GOX= I1-FOX
123100COT0 12450
12320 TS.0 : WeI : MeI
12330 FOR let TO INT(UDF-2)/2)
12340 TPwTP((21)-/(2*I)
12350 TC.TC#(COS(THETA)C21
12340 TS*TS*ITPOTC)
12370 NEXT I
12380 ATmSI~nHT1ITA)*41+TS)
1229 FOX=(AT*1)/2
12400 00181-FOX
12410 0010 12450
12420 ATu.43M190411A(SICTIEA)COS(THETA)fl
12430 FOXs4AT.1)/2
12440 00Xw1-FOX
12450 PXuTX
12440 IF 13m0 RETURN
12470 00XsF01
12400 P01.1-001
12490 YXTURK
1250 KX*4 TX a (I - .25/0))/SORfl IWTX5112/DF)
12510 )(110 VAI 12.1: G SD 4000
12520 P1.11
12530 AT=2*DFOXI1
12540 RETURN
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F - DISTRIBUTION

13000REM -* F-DISTRIBUTION SUBROUTINE
13010 IF 12a 1 GOTO 13110
13020 CLS: PRINT (320,"F-DISTRIBUTION"
13030 PRINT 0128";: INPUT'Enter F-Statistic x ';FX
13040 IF FX<0 THEN PRINTQ128, CHRI(253fl:PRINT G128,*F-STATISTIC MUST BE A POSITIVE NUMBErIFOR I
at TO 1500:Z4EXT:PRNT G128,CHRSc253)n:GOTO 13030

13050 INP JT"Entev Degre*s of Freedom mn Nurnrator'ON
13060 IF 0)1>0 AND DN=INT(DH) GOTO 13080

13070 PRINTe ERROR cc ENTER AN INTEGER ) 0"GOTO 13050j.113060 INPUTlEnter Degrees of Freedomn in Donammnator';DD
13090 IF DD)0 AND DDsINT(DD) GOTO 13110
13100 PRINT"-. ERROR #4 ENTER AN INTEGER > OIOGOTO 13080
13110 PI-FX : IF 71-0 THEN FOX=0 : 001-I: RETURN
131201IFDO >460 AND DD >460 GOTO 13720
13130REM 4 ee APPROX. FOR SMALL TO MODERATE 0.?...
13140 11-DN ; 12-DO PXzFX
13150 A-DX*FXIDN*FX+DD) 1. Al-I-A
13160 IF At< IE-37 THEN AI-IE-37
13170 OluDNe.5 D2-DeS. ; D3=01+02-1
13160 RUG I S1-0 S2=0 I DLz1 : Cm.25
13190 XM-1 1 XK-I ; P1-3.141593 1 INmDO
13200 KM-INT(D2)*2
13210 IF KMOKN GOTO 13390
13220 KNuD2-I
13230 IF 1)1.0 COTO 13320
13240 FOR In I TO IN
13250 SIUDL*51.R
13260 02*02-1
13270 D3=03-1
13280 TEX=A1/D2
13290s3*E
13300 52-13TEX2492
13310 NEXT I
13320 31.DL#4I#R
1330 DL-0
13340 T- 1
13350 D3-t
13360 S2aA'62
13270 C=C#.5
13260 OOTO 13570
1229 Kmn-INTD2)
13400 EF 134O GOTO 13490
13410 FOR Im TO KK
13420 SI-OL#Sl*R
13430 D2wD2-1
13440 03-03-I
13450 TEXaAIID2
13440 bOD3eTD(
£370 82-IRETEMleUI
13460 1IX? I

1300 82mX1032
13510 ART-sIMIAlI

13530 TN(XM-A~tl/h1
135003--S
12550 X1-2111

13560 C2-01

1390 03-02+03
131003241l

69



134105160O
13420 AlmA
13430 IF AK IE-37 THEN Alw1E-37
13640 I~uDM
130 GOTO 13200
13440 IF C(1.125 THEM OL=4/PI * ATNCT)
13470 FOXuXM#.S2-Sl)-DL
13460 IF FOX<0 THEN FOXs0
13490 IF FOX>1 THEN FOXmII 13700 OOX=1-FOX
13710 RETURN
13720REM *#* APPROX. FOR LARGE D.F. *..
13730 Xu4FX Cfl13).(41 -U/(9DD))))-(1-(2/(9DN)))/SOR((2/(9eOMfl.(FXEC(2/3)).2/(9.DDfl
13740 MUsO : VAR* I : 12m 1

13750 GOSUD 4000
13760 PXsFX
13770 RETURN

INVRS -OMA
14000REM ... INVERSE NORMAL SUBROUTINE
140101 I 2al GOTO 14100
14020 CLSI 2PRINT 020s *INVERSE NORMAL'
14030 PRINT 2 PRINT: IMPUTIEnter Mean'MO
14040 INPUT *Enter Varanc.'VR
14050 IF VR~w0 PRINT-. ERROR ## *;VR;*I1 NOT A VALID VARIANCE".GOTO 14040
14060 IPUTEner Proabihlity (ie. F(z) a Prob. I X <a z) m *;PR
14070 17 PR=0 TIN XO.9E-36 ELSE IF PRoI XQu9E+34
1400 I PR=O OR PRI RETURN
1409017 PR(0 OR PR)1 THEN PRINoT'. ERROR** -,PRrIS NOT A VALID PRODADjILITY'GvOTO 14060
14100 IF PR>.5 THEN RLmS0RLOGU1/U(-PRC(2)) ELSE RLmSQR(LOO( 1/(PRC2)fl
14110 XOwRL-((2.515517*.J02553RL)(.010328RLC2fl/( 1.4327ee.RL).e924RLE2).001306.RLE3w)
14120 IF PR~u.5 THEN XO-MO.(SOR(VR)0XO) ELSE X~uMO-(SORCVR)*XQ)
14130 RETURN

DIVERS CHI - SQUARE DISTRIBUTION

IW00REM *.. INVERSE CHI-SQUARE SUBROUTINE
15010 IF 12s1 0070 15090
1502 CL I 3PRINT 020,INVERSE CHI-SQUARE'
1530 PRIT '. INPUT'Enter Deguos of Freedam;DF
1504 IF DF<=0 OR DFOINT(DF) THEN PRINT'.. ERROR.of ENTER AN INTEGER) >O00-0T7 1503
ISM INPU *ntw Probability ie. FW aProb. (X <= x ;PR
1504 IF- PRO0 THEN X0=0 : RETURN
15070 IF PRsI THEN X0m9E34 : RETURN
1500 IF PR<0 OR MI) THEM PRINT'. ERROR Ot 6WIIS NOT A VAID PROBABILIOTO 1505
150" XOI:VRI : 12st PZuPR
151001 IF) 0070GOT 15150
15110 PMu.5(I-PZ)
15120 OOSU 14000
15130 XOuXQC2 I PRwaM
15140 RETURN
15150 IF 07)2 0070 1510
15160 XO.-2*L00(1-PO
15170 RETURN
15100 018 14000

1520 UP DF)12+INT(44ADS400))) 0070 1530
15210 Z9w1.0000684 - .223738/0 - .015139012
15SM X9w9(DFC-.5 0 DO # (.4713941 * .02607003/07 - .0069e407/D7(2)3
15M3 19.19 0 I/DF. # 0(2 * (.0001349029 + 01 12818/07 # .02277479/D7KV))
15240 X9.19 # (D71-1.3 * 0003 # (-0553069 - .01153761/0F - .01 32329=/Ft2))
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15250 X9.X9 + IDF(-Z o 00(4 0 (.00312558 * .00169654/OF - .006950354/DFE2))
15260 X9-X9 + IDFE-2.5 # 00(5 * (-.0006426812 + .00253001/OF + .00106043610FC2)J
15270 X9*X9 + ODFC-3 & 00(6 e (.00009780499 - .001450117/OF + .001563326/0?(2)l
1523 XG=)F*X9E3
1529 RETURN
15300 X9=1 - 21(9*OF) + (400(14 + 16#00(2 -28)/(1215*DFC2)

15310 X9mX9 + (8*00(6 + 720.00(4 + 3126*DGC2 + 290411(229635*DFt:')
1332 X8s.0W3 + (-00(3 + 3*00)1(162*DF)
15330 X~sX - (3*00(5 * 40.00(3 * 45*00)1(S=3*DFE2)

j15350 X8 SGR(2IDF) *X8
15360 XCOOF 9 (4X8.X9)C3)
15370 RETRN

16110 IF 2aIXOT10

16130F uOOR ((1/96) F THE (5.XCIS4 ERROR**XETER3A IN3GERC>00/(16
1614 XOXOnte Prbblt e184.(3XC. 19(5Po. (7.XC(a -5)Xa */DPR

116"0 IF. XC. HE XQwE6ESIFP= "-3
£6170 1F DF=I>R3 -RETURN

16190IF DF>I 0 TH2ELN I PRT"- EROR- *RC.R;,TEN DETAVA'TnPELSA DE.TAIO

16100010162 400

16220 0070n 1640C3*XC)
16230 DELT*M9A'1 5XCS+16XE +3X))D[
16140 IFwQ M/3805 THE TXC(7 ELS TX9-XCE +TXCE 15X)
16150 IPFRau. T* E M/9160 ELS M*C9 E7-I-PR 18*C[ 120X( -4*C)
16260 00513 120+00

14170 IFETMRETR
14290 IF M.0 AC FOX9 THEN T162-DLT
16300 IF F C OXTHE 1D1ELTAELTA/l>999OR R.0 I ET=00ES ZTm

16310 IF F2 AN FOX " HEN 0070=0 16260T =1
I632 DTTDlA

I633 0070v 162001A7 FASP-O)>.00 U OO16ES FPwZTE ~PXES GT
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1700E XNU~t* INERSE-fFreo Sn UwRUTINE
17050 VF 1N0 ANDO 17150 N)GOO177

17040 PRINT:. RROTE A NEE oGT 74
17070 IMPUTIEnter Degree. of Freedom in DNunfator'D0
17060 IF 00)0 AND DD-INT(DD) 0070 1700

17090 PRIMrt* ERROR &* ENTER AN INTEGER)> 0*:G0TO 17070

111100 NU~tVPoia IF ~.Fz-Pa.(XC 111 PR(O OR PR01 THEN PRINT"** ERROR. 0 ;PR;S NOT A VALID PROBABILITY0GOTO 17100
171201IF PR).?99 PRINT 'MIIS SUBROUTINE DOES NOT CALCULATE QUANTIL2S CORRESPONDING TO PRODA
DILITIES GREATER THAN .9m-:OOTO 17100
17130 IF PRaI THEN PRu-9999
17140!IF PR=O THEN XQ-0 1 RETURN
17150 IF031(20 OR D0(20 0070 17230
17140 MO0:VRI C. I23o
17170 GOSUD 14000
11180 H a 2.# (11(0I)1 + /D-ll
17190 LM a (X012 - 3)/6
17200 %Xn(XQ * SOR(K + LM))/H - 4 1111DM-I) - 11(00-1)) 9 (LK * 516 2/(33)!))
1721: XG aEXP2WX)~ OI07 73

17240 Pb?!R. IT ON-I THEN PRo(1.PRP/2 ELSE PRw1-P312

17"12*1 : 005 000

17290 PMPHI 172"0IF P30-.99 THIN XG=.994*XQ : GOTO 17320
17300 1? P30w.975 AND 0103 THEN Xo-l.m*XG 007017320
1731011F PR>-95 AND 0303 THUN Xs.9441XQ
17320 RETURN
173300IF P10.999 AND 00-1 THEN XQ-934: RETURN
173401IF PF0-997 AND DD=ITNEN DELTA0500000 : GOTO 17410
173)01W PR)-.995 AND 00-1 THEN DELTAI15000 1 GOTO 17410
173401 IF Ma," AND 00.1 THEN DELTASOO GOTO 17410
17370IF P30.97 AND 00-1 OR P30.999 AND 00.2 THEN DELTA-lO00GOTO07 17410
17360IF PR-.9 AND D0.1 OR PR0.99 AND DDC-2 OR PR~a.999 AND 00(33 TME DELTtAZOO aC0071410
17390IF Ms0." AND DC.3 THEU DELTA*O :0070 17410
174001IF PI30.975 AND DD(-2 TIEN DELTA&5O ELSE DELTAmIO
17410 LL.0
17420 FXoDELTA
17430 12*1 100509B 13000
174401?F ABU(R-FOXK.O0001 THEN XO-FX : RETURN
1743011F PR C FOX THEN DELTA-OELTA/2 '. FX=DELTA 10070 17430
17440 LLmFX : FX*FX.DELTA : EIL-FX ; oosuu 13000
174701?F ABS(PR-?OXX.00001 THEN XQ.FX :RETURN
17490 DELTAs(UL-LL)/2
17490 PXwLL.DELTA
17500 00609 13000
175101? ABSIPR-FOX)Q.00001 THEN XQ.FX I R1ETURN
175201?F PR)> FOX THEU LLwFX ELSE ULwFX
1700 0010 17480
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InVERSE EXPONENTIAL

1SOGREM *** INVERSE EXPONEXTIAL SUBROUTINE
j16010 CLS IPRINT Q20o"INVERSE EXPONENTIAL'

16020PRINT 1PRINT' You mnay either enter the exPonetil Paramte MLAMMDA) ora
1ISM PRINTth. exponential MEAN (I/1anfbda.-'
1304 XPw320 : LSOS"1 * RSAWm GOSUS 600
13050 ZEP-2Q
1600 IF ZEPw*1 OR ZEP'L TRlEK ZIPmLAUA- ELSE EPDNEXAX*
10070 PRINT 2 PRINT*Enttv ';ZEP'
13030 INIPUT LAMBDA
1309 IF LAM (a 0 THEN PRIN'** ERROR ". ENTER A VALVE >0-.OOTO 13070
10100 PRINT 'INPUTEnter Probability i.e. Prob.( T Cs t ) IP
16110 IF PR.0 THEM TI=0 : PR.! I :GOTO 18 160
13120 IFPR.! THlEN PRINT IPRINT-For Prob. (T C.t * 1.0 tai nfinityl:RETURN
18130 IF PR<0 OR P1) THEN PRIXT..* ERROR* ' ;PROIS NOT AVALIDPROBASIITOT 1610
16140 P8.1-PR
18150 IF ZEPu4LAMBDA* TI' - LOG(P9)/LAMDA ELSE TI a- LOG(PB14LAMDDA
16140 PRNT IPRINT"For Prob. TCa t us;W# t 'rrz
10170 RETURN

RIM OF PROGRAM 01

73



P~C)C A k4* 2

Mm

10REM e*MAIN MENU*#*
20 CLS : PRINT TAB(20) '"se MENU ee"
30 PRINT
40 PRINT'(l) Sample Statistics (mue sigma. git 92)
50 PRIXT(2) Seven Number Summary
60 PRINTh3) Histogram. Stem & Leaf, Probability Plots
70 PRINT'(4) Return to Program Selection Menu
SO PRINT 0645,'NUMBER OF OPTION DESIRED ';CHRS(l23)CHR64(I76);CHR*(125)
90 ZUsINIEYS : IF ZI' GOTO 90ELSE IO-VAL(ZI)
100 PRINT 0671,11;: FOR I-I TO I00: NEXT
110 IF IO<! OR 10)4 THEN PRINT 0640,CHR(253 : PRINT 0GW.'ee NOT A VALID OPTION ... *t FOR l-I TO
1000 : NEXT : PRINT G640, CHRS(23) : GOTO 80
120 ON 10 GOSUB 500, 1000, 2000, 10000
130 GOTO 10
140 CLS
150 PRINT"Option';IOt'x not applicable since only sample statistics were entered."
160 PRINTQ19g0,'Press SPACE BAR to return to marn menu';
170 PRINT "Kurtosis -*;02
1S0 IF INKEY$0" * OTO 180
190 CIS
200 0 10

! DISPLAY SAMPL.E STATISTICS

500M t. SAMPLE STATISTICS SUBROUTINE

510 CLS
520 PRINT TAB(23)'SAMPLE STATISTICS'
530 PRINT 0192,'Sample Mean ='1XB

540 PRINT "Sample Variance (unbiased estkmate) -';Vi
550 PRIN 'M.L.E. for Vanance -';V
560 PRINT 'Std. Deviation (sqr. root of sample var.) 1'0SQR(VI)
570 PRINT 'Skewness -*;Gl
590 PRINT "Xurtosts -*02
590 PRINT : PRINT'NOTE: The unbiased estimate of variance
600 PRINT" *;CHR$(123);" i.e. SUM (Xj) - Xbar)C2 / (n-1) ";CRU$(125);" is used in'
610 PRINT' all subsequent calculation% thrughout the p arkage."
620 PRINT 0960t'PRESS SPACE BAR TO RETURN TO MAIN MENU'
630 IF INK7Y$ 0 * v GOTO 630
440 RETURN

SIE NUMBER SUMMARY

I000REM *e SEVEN NUMBER SUMMART SUBROUTINE
1010 CLS
tO2OPRINTTA(1I1)SEVEN NUMBER SUMMART"
1030 MDU1NT(.5*4(IN1l ) : ODINT(.e(MD D)) : EDaINT(.(eQD ))
1040 IF IN/2uINT(IN/2) THEN M.5*(Y(MD).Y(MD+l)) ELSE MUY(MD)
1050 IF GD..e(MD I) THEN QL=Y(QD) : (U*Y(f[-QD I) : GOTO 1070
1060 L=Z*(Y(GD)#Y(QD D) : QU-e5*(Y(IN-QD)+Y(IN-QD ))
1070 IF ED..5(QD.,I) THEN EL-Y(ED) : EU-Y(7-ED+Il : 0OTO 1090
1060 I.5e((ED)Y(ED.t)) S EU,..Y(I-ED).YIN-ED+I))
1090 TVM : GOSUB 1250; PRINT 0146,'MEDIAN w ;: PRINT USING P$;MI
1100 PRINT 0237,'MEASURES OF';
1110 PRINT 267,'LON ER MEAN UPPER sKEMN
1115 PRINT 0331.'-- . ..
1120 PRINT 234,"OUARTERr : TV,,L : GOSUB 1250 : PRINT 0394,"?IPRINT USING PSQJ
1130 TYe5#5QL#QU) IGOSUB 1250 : PRINT 0405,";:PRINT USING PS; TV;
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1146 TV &OU : GOSVD 1250: PRINT ()416.- :PRINT USING P$;QU;
1150 TV* (.50(QU.OL) - M)/(0-QL) : GOSUD 12.50 : PRINT @43l.;:PRINT USING Perry:.
1155 PRINT 4512."EIGTH:":: TV&EL : GOSUB 1250 : PRINT 9522,**;:PRINT USING PEL3
1140 TV=.59.EL.EU) : GOSUD 1250 : PRINT Q533."';:PRINT USING P$;TV;
1145 TV-=EU :GOSUB 1250 : PRINT 0544.*"1PRINT USING PS.EVU1
1170 TV-4(.5*tELPEU) - 10/,EU-EL) : GCSUD 12.50 1 PRINT @559,"*;:PRINT USING P6,TV:
1175 PRINT G440o"EXTREME:'; : TVaY(W I GOSUD 1250: PRINT (0650,-;:PRINT USING P.; Y(D'l
1160 TVo.5*tYul.*Y(IKn GOSUD 1250:1 PRINT CA661.-::PRINT USING PMTV;
1190 TV-Y(IN) : GOSUB 12,50: PRINT Q672,"";:PRINT USING PS;Y(aN)
1200 TV=(.3o4Y(IX)+Y(1l) - M)/(Y(IK)-Y(1)) : Gosun 1250: PRINT @6S7,-;:PRINT USING PS#'TY
1210 PRINT W69.Press SPACE BAR whew ready to return to program menu";
1220 IF INKEYS0O " THEN 1220
1230 RETURN
1250 HU-ABS(TV )
1253 PIUDI-*.0040"120.oeIPI3)-4.* 14 .e: P100*)-600 P1$(4W)0#0#

12902IF HSKTTAN(3DA(THE PLOSP6:RTR

PR00INTBw10 AIND: :B00 PR HET (1) ~ ) HiEtogra

PRIN OF~ Nrma ProaLlOyTSo
20RIN *** DAp~TiAl PObabSUBtyUPlNt

2010 ET : FZ-GOO2LESEI-AZ

200PRINT Q41j; FPRINTO10T NX

20 0 1 ORIN 10)4:* PRINT* (1)0 Hsoram0:PIT04,.'NTAVLDOTO .. 7 IT 00
20PRINT C2) Ste3 to LeTO 2090

200PRINT' (3),i Vorale rbbiyw Plot le-IYI)P~lT

P10RINTEY : PITFTE VIEWIN ; 10ES I 10.1 ZIx)SORN;ES PITTI&LA
210PRINT PRESSl' SFO loEBA TO CO0:NETIE
210IF IN<-S OR 104 PITEN40 CH$20':PI O AMOTO ";FOR In TO 200001EX

NOEX PRIN CWHUTOORAX SUBROUTIN
2300F O13- CTO2.0

2140 PITHEW'MN VaINnlueSCY~); Ma E aluE GP-DrrY)/DCT M Ra u*sC)3T
21F0 PRN PRIT aIING *SCIF 10-4 AI eRNT"ITDA* SUE 15N*% THEN
0060 3070PES PC BRT ONIU'
P1701.7IIo OR? 10=2 THEN FOIn I1 T1O200: NET32

219S~oONXTAND PCl(1-~/ HE CUC/2I D'I 01 32
2190 XWl : Ca

F20OR 11 OU 3000 4)0950,6

3 IFO 3-Il TON GFI? YW(I/SC) LE * INT(T(l/ -11T( E UD.UI.1DN11)01023
NE0 T SCI O 36

3MIFO +KoC (IT(CX)IT(C) I- AD B(at TE KaN+ 75 34



3130 IF 11 > IN C0T0 31'50
3140 NEXT I
3150 MNm0: FOR lot TO MD : IF NIWl)> MJI THEN MN-NIWI
3160 NEXT I
3170!?T MN ( I I THEN V7Su.Z5 G OTO 3200
31901 IT414 ( 22 THElI VS-.5: C0T0 3200
3190 IF MN 45 THEN USsI ELSE VS&NTLMN/45).1
320 If SC < I100T0 3260
3210 CUS : C~m-!TCY(1)/!MT(SCfl : FOR 1-0 TO 4*(NB) STEP 4
3220 TN=CN -INT(CN : IF TM&O OR TN=.5 THEN PRINT 9941*!. CM;
3230 CN=CN.C!
3240 IF CN(SC)> 15*! + IXT(T(1)/SC) C0T0 3310
32M 00T0 3300
3240 CLS : C~mIMTrYIl)vSC) : FOR I a 0 TO 4*NB STEP 4
3270 TNCN-IMTCM: IF TN-C OR TNu- THEN PRINT 9961+!. CN;
328 CNmCN.CI
3290 REM IF CM > l5.CI + INT(T(1)/SC) C0T0 1662
3300 NEXT I
3310!IF VS~s I THEM L~o2 ELSE 124-C
3320 FOR 1-0 TO014
3330 IF '15>ml THEN PRINT @896-1#64, M1D$STR(vs*LK),a3j41-:: LnLN.3: COTO 3370
3340! IFI2 THEN [-2 ELSE IF 1.6 THEM Zu5 ELSE IF 1-10 THEN K=8 ELSE IF 1=14 THEN Kai1I
3350!?F VSs.5 THEN [-2*K
3340! IT -2 OR 1-6 OR 1*10 OR 1-14 THEN PRINT G89b-6.X.M(8TR$,0D.22).-"
3370 NEXT!I
3300 XI-?: FOR lot TO NB:!?F 111)- COT 03440
339 Jv-NI(a)IVS - I : ECo-NIW/VS-JU : IF ECC.5 THEN C0T0 3410
3400 IF VS)2 THEN JUJU+ I
3410 FOR ;.0 TOTV JU 144-3: lIF 1<0 THEN 11-0
3420 SETIX1,Y1l I SETIXI-1,YU : SET(X1-2,Yl) I SET(Xl+2,TI) I SET(Xl.1,TI) : SET(XI-3,Yl) I IF X1<124 183015

3430 NEXT J
3440 XlsXl+. NEXT!I
3450!?F SC01 THEN PRINTG3SActual Values are-*V&LGTRS(SC));: PRINT 0102.tlnw horiu ntal. vahamel
3440!?F INXEYS 0 '* COTO 3460
3470 CUS: PRINTOPTIONS:4I PRINT* 1) Retuvw to HMu*: PRINT' (2) Redraw Histogvam with largerclass in
tervar.11 13(7 PRI1T7 3) Redraw with sialler class interva"
3400 PRINT Q3453,*XUMBER OF OPTION DESIRED **CRS(123);CHRS(174nCHRS(125)
3490 IINKXET1 ; IF !!-" 0070 3490ELSE IO-VAL(ZI)
3500 PRINT 01479,!!;: FOR I-I TO 100 : NEXT
351017F NU)7 THEN IU=2 ELSE 1U=3
3520 1? 10<1 OR I0>IU PRINT 0448.CHRS(253) PRINT "W4,*" NOT A VA-ID OPTION .. :FOR li- TO 100
0 : NEXT : PRINT @448.CHRS(253): 0070 3480
3530 IF 0-2 THEN BFS*0N* ELSE DFS.OFF'
3540 IF10=1 THEM RETURN ELSE IF 10-2 THEN CIu2*CI ELSE CImCI/2
3550 CLS PRINT"AFTER VIEWING HISTOGRAM, PRESS SPACE BAR TO CONTINU';
3%4011=0 : G0703020

4000REM *** STEM & L1EAF SUBROUTINE **4
4010 CLS :7 IFSCOI THEN PRINT' ACTUAL VALUES ARE*3CrTD1ZS THOSE SHOWN0
4020 SPmINT(T(l)/SC.1IE-6)
4030 IF SF(0 THEN SP&SP-CI
4040 EPINT(TCIM)/sct. +a
4080IF ANSEP-SPV/C!C.3 THEN CIuCl/2: COT07 4010

4070 FOR COSP TO EP STEP Cl
*4 4617 CO ( 0 THEN C3'=INTICO)+t ELSE C.IT(CO)

4090 IFCJ a0 AND CO <(000T0 4120
4100 PRINT USINIO*;CJ; : PRIT CHRI24)t
41100010O4130
4120 PRINT' -0*;CHRS(124)1
4130 FOR JmJC TO IN
4140 UP 1() 0 INTI T(11 000 4170
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4150 IF Y(1I/SC ) CO*CI OTO 4350
4160 0OTO 4180
4170 If Y(1)/SC • IE-6 ) CO *CI THEN 0OTO 4350
4190 IF YJ) ) 0 COTO 4230
4190 IF YJ) ) INT (Y(J)) OTO 4230
4200 IF Y(3)/SC - .001 <0 CO+1 AND Y(J)/SC ) CO - Cl * 1.001 TREN SLO(10*(T(J)/SC - IXT(()/SC#1E-6))) ELI
I OTO 4310
4210 IF 16,0 THEN I6-1
4220 0OTO 4250
4230VI T(J)/SC+IE-6 )a CO AND Y(J)/SC.1E-6 C CO4CI T9RN SLs(10.(Y(J)/SC -INT(T(T)/SC+IE-6))) ELSE GOT
04310
4240 IF 14"0 THEN 16 I1
420 IF YT(JK0 AND SL C 0 THEN SL I0-SL
4260 ZSMIMD( STR$(SL) .2,)
4270 IF ZS-'." THEN IS'0
4260 IF CO(0 THEN ZPsZS * ZP ELSE ZPZu ZS
4210 3CJC+l : IF JC ) IN THEN JC;IN
4300 0OTO 4330
4310 IF 161 THEN 162
4320 I 16N2 0OTO 4350
4330 NEXT 3T
43401600

4350 PRINT P : : 10 : NEXT CO~~4360 MXT(] 0960,*PRESS SPACE BAR TO CONIXU E*;
• 4370 VT INKE•$ 0 " 1"COTO 4370

4390 IF ABS((EP-SP)/CID8S THEN RETU RN ELSE CLS: PRIDo you want to ame the Stem &Laf with a • le

Claim Interva"
4390 PRINT 0197,CHRS(123);* T or N ,CHR$125);" %CHR$(123);CHRS(176);CRRS(125)
4400 ?IINKEYS : IF Z- 001O 4400ELSE PRINT 0210,Z;: FOR I-I TO 100 : NEXT
44101I Z]Usy" OR ZI.'Y" THEN CI=CI/2 : OTO 4000
4420 1 FIO' AND UO")N THEN OTO 4390
4430 RE URN

NORMIAL PROBABI.ITY PLOT g

S0OOREX 00t NORMAL PROBABILITY PLOT SUBROUTINE
5010 CLS
5020 PRXN1T'NORiAL PROBABILITY PLOT O.
5030 PRINr (1) Every data point
5040 PRINT' (2) Every other dat. point
350 PRINT* (3) Every Nth data point
5060 PRINT (G44S"NUMBER OF OPTION DESI D "'CHR(123);CHR$(176);CIR(125)
5070 UINKETS : IF U' COTO 5070ELSE IOmVAL(ZI)
50M0 PRINT 0671,: FOR l1 TO 100 : NEXT
5090? IF 1 OR IO3 THEN PRINT 0640. CHR*(250);: PRIT 0 N40,' NOT A VALID OPTION .*"0: FOR Il TO
1000 NEXT ' PRINT 0640, CHR$(250); 1OTO 5060

5100 IT 10It OR IO2 Z=10 : OTO 5120
5110 PRINT 0709,";:IxN T'Enter N'T
5120 CLS : PRINT 64,*3 -'
5130 PRINT 0192,'+2 -';
5140 PRINT Q320,'*1 -'*;
5150 PRINT 9448,' 0 -';
5140 PRINT 0576,'-1 -*;
5170 PRINT 704,'-2 -0:
510 PRINT @ *32,'-3 -'I
5190 FOR InI TO 43*1 300 s3rT )

3210 NEXT I
220 FOR IS TO 125

530 SiT(1.43)
3240 NEXT I
5250 PRINT 920,*NORMAL PROBABILITY PLOT"
SW SPI&INTY(l) : IF Tr) a INT T(IX)) TIMN EPoY(IN) ELS EPIKT(YTI)).1
527 PRINT P942, S1P,
52 Is INTI L0(ABS4ZEP)/LOQ(I01)
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3290 PRINT GI(isl-l. :TIUM(M;PI;
5300 RGP -SP

5310 NP SP. RG/2 : IF MP>0 THEN HPIT(MP)
5320 PRINT (;90 - INT(I/2), KP,
5330 12-1 : MOO: VR-1

O340 FOR I-I TO IX.l STEP J
5350 IF DIN THEN I-IN
5360 OV- 125 - INT( (EP - T(V)/RO 120)
3370 PR• I/(1i+t)
50 GOSUS 7000
5390 I XO < 0 GOTO 5420
5400 DR m 22 - INT( (X/3.5) * 22)
5410 GOTO 5430
5420 DN. 22 * INT ( (ABS(XQ)/3.5) 22)
5430 SET(OVOW)
5440 IF I=IN GOTO 5460
54"50 NEXT I
5460 IF INKETO GOTO 5460
5470 RETURN

EXPONENTIAL PROBABILITY PLOT

600REM -.. EXPONENTIAL PROBABILITY PLOT ee
6010 CLS
6020 PRINT @64,'6 -
6030 PRINT 0192'S -"
6040 PRINT 0320*4 -"

6050 PRINT 0448,3 -"

4060 PRINT G576,"2 -

6070 PRINT 9704,1 -
60 PRINT 832,"0"
4090 FOR 1-1 TO 39
6100 SET(3,I)
4110 NEXT I
6120 PRINT G35STRIGS(6o0,.4--..
4130 PRINT 020,'EXPONENTIAL PROBABILITY PLOT';
6140 Ci-Y(IN)/20
610 US a 10 C (INT (LOG(CI*15)/LOG(10)) -1)
4160 C18 INT (CUHS) + 1
6170 FOR 1-0 TO 19
6180 ZHSTRS(CI*11+ ))
6190 IF ClI(I.l) )=100 AND iNT(/2) a 1/2 GOTO 6210
4200 PRINT (0"+103,4H:
6210 NEXT I
6220 PRINT 9990, X;
6230 IF HS a I THEN GOTO 6240ELSE PRINT I eMS;
240 10,0

450 IXUIN
6260 FOR 1-20 TO I STEP -1
6270 IF Y(X) ) I*CI*HS THEN 10.1G* : IXmIX-i : GOTO 6270
6280 IF 100 OR IGIH GOTO 6320" 6m9 OVSI*6
6M0 D~O 40 - INT(-LOG(IG/(IX*I)) * 6)

6310 SET (OV,DW)
4320 m.-IG

633 NEXT I
4340 PRINT 0133.Prss SPACE BAR to ontnuaw;
6= IF INKET$ O" GOTO 630
6M0 RETURN

78



700OREN too INVERSE NORMAL SUBROUTINE
7010 IF PR-.. THEN XO.140 : RETURN
7020 Cl=Z.515517 :C2=.802853 : C3m.010328 : C4=1.:; Cal.432798 C6-.1ls9269 :C7=.001300
7030 IF PR).5 THEN RL.SOR(LOG(C4/((C4-PR)4(C4-PR)))) ELSE RLoSQRtLOG(C4/(PR*PRl)
7040 XO.RL-((Cl,(C2RL)(C3RLRL))/(C4*(C*RL*C6RL*RL)(C7*RLRL*RtL)))
7050 IF PR).5 XQ.MO.(SQR(VR)*XG) ELSE X0aMo-S0R(VR)*X0)
7060 RETURN

PROGRAM SELECTION MENU

10OORM too PROGRAM SELECTION MENU*'
10010 CLS
10020 PRINT TAB(2OJ"PROGRAM SELECTION MENYP
10030 PRINT 0128,*O1 Data 1/O. Transformations. Prob. A Inv. Prob. D1stributions:P~ff
10040 PRINT**2 Sainale Stat's, 7-Num--Sum, Plots"PRINT
10050 PRINT*03 Parametric Tests of Hypotheses f, Confidence Intervals':PRINT
10060 PRINT0 Robust Estunates and Confidence Intevvals**TINT
10070 PRIXT05 Multiple Linear Regresson":PIT
10090 PRINT*6 Anaysis of Variance'
10090 PRINT Q'900,-NUNDER OF PROGRAM DESIRED -;CHRS(123;-CMR(176flCHRS(125)
10100 ZX.IKNET : IF ZIm" GOTO 10100ELSE 10.VAL(21)
10110 PRINT @927,ZI;: FOR lo1 TO 100: NEXT
10120 IF10(1 OR 10>6 THEN PRINT @896,CHRS(253);:PPIXT "896,*- NOT A VAIDm OPrION .. :FOR lot1T
0 1000: NEXT : PRINT CGS96,CHRS(253);: GOTO 10090

.1 10130 IF 10=2 GOTO 10
10140 IF 10a 1 THEN ZTm.1 : 007 10160
10150 IF 10.3 UR 10=4 THEN ZT"2' ELSE ZT.3-
10160 CLS:PRIXTrINSERT TAPE *",IT;' INTO ESF-S0 AND PREISS SPACE BAR*
10170 IF INKETS 0 *GOTO 10170
10190 IF10=1 OR 10.3 OR 10.5 THEN 10*1 ELSE 10.2
10190 GLOAD 10

MWOF PROGRAM 02
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IOREM -~eMAIN MENU**
20 LS-CHRSIR23): RS-CHR(I12)5: BLS-CHR$(252)
30CLS '.PRINT TAB(20J"*** M ENU **" :PRINT
40 PRINT'TESTS OF HYPOTHESES & CONFIDENCE INTERVALS FOR DATA ASSUMEDr"
50 PRINT 9254," (1) Normal (or Central Lumt Theorem Applies)40 PRINT" (2) Exponential

70 PRINT" (3) Bernoulli
90 PRINT : PRINT"OTHER OPTIONS:"
90 PRINT: PRINT* (4) Input Summary Statistics
100 PRINT" (5) Return to Program Selection Menu
110 TP696 : KS-5 : GOSUB 760
120 IF 10-2 AND XBC-O GOTO 150ELSE IF 10.3 AND XB.0 OR IO-3 AND XB)1 GOTO 150
130 ON 10 GOSUB 1000, 4000, 6000, 300. 22000
140 GOTO 10
150 CLS
160 IF 10.2 THEN PRINT"EXPONENTIAL PARAMETERS MUST BE GREATER THAN ZERO" : PRINT: PRINTTHE
SAMPLE MEAN a ";XB;"AND THEREFORE DOES NOT CORRESPOND TO A" : PRINT"EXPONENTIAL POPULATION
8OOTO 180
170 PRINT"THE SAMPLE MEAN FROM A BERNOULLI POPULATION MUST BE A NUMBER BETWEEN 0 & 1"" PR
IN? : PRINT"THE SAMPLE MEAN a ";XB;*AND THEREFORE DOES NOT CORRESPOND TO A" : PRINT"BEtNOULL
I POPULATION"
190 PINT G896,PRESS SPACE BAR TO RETURN TO MAIN MENU"
190 IF INKEY$O" " GOTO 190
200 OTO 10

INPUT SUMMARY STATISTICS

300R1 *** INPUT SUMMARY STATISTICS see
310 CUS : 14m,1
320 PRINT TAB(20)"INPUT SUMMARY STATISTICS"
3W0 PRIN 9129.' If summary statistics are entered the any data which was prltwtmly entered an all samp
Is statistics cala lated for such data will be cleared."
340 PENT : PRINT" Do you wish to proceed?"
350 TI$,'T" : T2s'N" : :'P,448 : GOSUB 710
360 IF Zo."n OR Z-"N* TREK 14=0 : RETURN
370 CLS : PRINTrCLEARIXG DATA..."
30 FOR I-I TO 200 : Y(),uO : Xw-O : NEXT : IXO: Vi- : V.0 : X130 : CLS
390 PRINT TAB(20)"INPUT SUMMARY STATISTICS"
400 PRINT INPUT*Enter Sample Size";IN : PRINT 0128, BLS
410 PRI 09128,"I$ data assumed to be from an Exponential Population ?*
420 TIS,'-"" T ?21N" : JP*256 : GOSUB 710: IF ZOGun" OR ZQ"tN" GOTO 500
430 PRINT G128. BL$ : PRINT @128,"WiU you enter the KEAN or the Exponential Parameter LAMBDA?"
440 TISoM" : T29-'L" : GOSUB 710
450 PRINT 0128. BLS : PRINT BLS : PRINT 0128,*Enter ";: IF l0-Om" OR ZQ.-M = PRINT "Mean'; ELSE PENT1 "La

460 INPUT XB : IF XB<-O THEN PRINT (964, 'S. ERROR eec EXPONENTIAL PARAMETERS MUST BE GRE&TER
THA ZERO"GOTO 450
470 IF ZQ"" OR ZOs"L" THEN XB=I/XB
400 VI"XB*XB: V-Vl
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49O RETURN
500 PRINT G128, BLS PRINT 0128.'Is the sample assumed to be from a Bernoulli Population?"
510 JP-256 : T1$s"Y" T2$S-N" GOSUS 710
520 IF ZO-"n' OR ZOz"N" GOTO 560
530 PRINT (128, BLS : PRINT BLS: PRINT ()129,Enter the number of occrvences out of';IN;:trials"::INPUT XB
540 IF XB(0 OR XB)IN GOTO 550ELSE IF XBDINT(XB) OTO 550ELSE XB-XB/IN : VI-XBC(-XB) -Vl : RET

550 PRINT Q128, BLS : PRINT 064, "** ERROR *e* ENTER AN INTEGER FROM 0 TO ';IN : GOTO 530
560 PRINT 12S, BLS : PRINT BLI: PRINT Q128,*Enter Sample Mean"::INPUT XB
570 PRINT 256,Do you want to enter Sample VARIANCE or STD. DEVIATION?"
580 JPu320 1 TlS=*V" T'So'D" ' GOSUB 710
590 PRINT @256, BLS PRINT BLS

600 IF ZO='v" OR ZQO'V" PRINT Q256,Enter Sample Varancal';INPUT VI : Val(IN-I)/IN)#VI 1 RETURN
610 PRINT Q256,"Enter Std. Deviation";:INPUT VI : Vl-VeVl : V-((IN-I)/IX)*VI : RETURN

PPTION SELECTION

700REM *** OPTION SELECTION see
710 PRINT 0JP+5,L6;" "M1I;" or ",=2$ ";RS;" ";L$;CHRI(176);R$
7.0 ZQnINKEY$ : IF ZQun" GOTO 720
730 PRINT 0JP18, ZO : FOR I3l TO 100 : NEXT
740 IF ZO0TI3 AND ZQC)CHRt(ASC(TI$)+32) AND ZQOT2$ AND ZQOCHRI(ASCT2$) 32) THEM GOTO 710
750 RETURN
760 PRINT G3P.5,*NUMBER OF OPTION DESIRED ";LS.HRI4176);R$
770 ZI*INKEYS : IF ZIa" GOTO 770ELSE IO"VAL(ZI)
780 PRINT GJP+31, ZIs ' FOR Isl TO 100 : NEXT
790 IF IO<1 OR IS)KS THEM PRINT GJP, BLS ! PRINT GJTP,".*s NOT A VALID OPTION .e.";: FOR I-i TO 1000 :
NEXT : PRINT GJP. BLS : GOTO 760
800 RETURN

MENU OF TESTS FOR NORMAL DATA

1000REM **o MENU OF TESTS FOR DATA FROM NORMAL DISTRIBUTION *

1010 CLS : PRINT"DATA ENTERED IS ASSUMED TO BE NORMAL
1020 PRINT : PRIMT*MENU:
1030 PRINT" (1) Test Hypothesis Concerning the Mean
1040 PRINT" (2) Test Hypothesis Concerning the Vanance
1050 PRINT" (3) Confidence Interval for the Mean
1060 PRINT (4) Confidence Interval for the Variance
1070 n7-640 1 KS-4 : GOSU9 760
1090 ON 10 GOSUE 1100, 2000, 3000, 3300
1090 RETURN

~HTMTHESES COXCERNING THE MEAN

1C00RM .9* HTPOTHESES CONCERNING MEAN .e.
1110 CLS
1120 PRINT G64,9KYPOTHIS** NULL ALTERNATIVE" PRINT
1130 PRINT" (1) mu a specfied value mu /= specified value

-' 1140 PRINT" (2) mu <a speafied value mu > specfied value
1150 PRINT" (3) mu > specified value mU < speofied value
1160 3 W640 : KSa3 ; GOSUB 760
1170 CLS : PRINT"Is the variance known?"
1190 ZP64: TI"'T" 1 T2S-N : CIOSU1 710
1190 IF 70-en" OR mO"N" 0070 1250
1200 PRINT'Do you want to enter VARIANCE or STD. DEVIATION?"
1210,7P.192 : TII-"V" : T2$-=D" : GOSU1U 7101 ZV-ZG
1220 PRINTrEnter 0 : IF Ve'V" OR ZV-'v" PRINT "VARIANCE"; ELSE PRINT"STD. DEVIATION":
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1230 INPUT AV
1240 IF ZVm'D ° OR ZVO'd AVwAV*AV
t250 CLU . IMPUT"Enter the value that the mean is hypothesized to be;MZ
1260 IF Z0aN" OR ZQ-'n" GOTO 1400ELSE ON 10 GOSUB 1280, 1480, 1630
1270 RETURN

MULL HYPOTHESIS I

1290REK ot NULL HYPOTHESIS I *to
1290 TZ4t SGRUN) * (XB - MZ) )/SQR(AV)
1300 PRINT I PRiNT*Test Statistic o*,OTZ
1310 NX=ABS ) ' VAR= I ; MUsO : 12l : GOSUB 10000
1320 PRINT"P-Value a *,2*0OX
1330 PRINT: INPUT"Enter Desired Alpha Level';AL
1340 IF ALO OR A)I1 THEN PRINT's." ERROR #** ENTER A VALUE BETWEEN 0 10OOTO 1330
1350 PRINT : PRINT'For Alpha m1AL;
1360 IF ALC(2*OX) THEN PRIXT accpltm ELSE PRINT, reject4;
1370 PRINT the hypothesis that the true mean -';Z
1380 PRINT-vs- the alternative hypothesis that true mean •/u'Iu
1390 GOTO 1450
1400 ON 10 GOSUD 14;0. 1590, 1750: RETURN
1410 TZw(SORIN) (XB - MZ) )/SQR(VI)
1420 PRIT I PRINT'Test Statistic m ,'12
1430 TX=ABS(TZ) I DFmIN-I : 12s1 : GOSUD 15000
1440 GOTO 1320
1450 PRIN[T 0960,Press SPACE BAR when ready to return to main menu
14 40 I ET$ O GO10 1460
1470 RETURN

t MUL HYPOTHESI 2

1480RD to* NULL HYPOTHESIS 2 *•
1490 TZu (SQRCN) * (X8 - MH))/0RCAV)
1500 PER= PRINTOTest Statistic m~l*T
1510 MX=TZ I VAR- I : HU-0 1 12-1 : GOSUB 10000
1520 PRIXTP-Value -0;QOX
150 PRINT.IPUT°Enter desired Alpha LeveAL.
1540F AL(0 OR AL) 1 THE PIMNT ERROR oee ENTER A VALUE BETWE 08 10. TO 1530
1550 PRINTWRINT*For Alpha m";AL;
15601I AL < GX THEN PRINT' et'; ELSE PRINTvec t
1570 PROM the hypothesis that the true men <8"'/ I PRfI3T -vs- the alternative hypothesis that the true me
an Is >aom

110 0010 1450
150 TZ@4 SOQ(N) * (XB-XZ) )/SOR(VI)
1100 PRINT: PRINTTest Statistic u0,l
1610 T I-fl DF=aU-I) 121 : GOSU 15000
1420 GOT 1520

1630M # NULL HYPOTHESIS 3 ccc
1440 Th(SRtN) * (XB-MZ))/SGR(AV)
1650 PRINT 1 PRINTTest Statistic u1 f1
1440 NXm! I VAR-I ' H -O 12-1 1GOUi 10000
1670 PRINT'P-Value -';FOX
160 FN t INPUT"Enter desired Alpha LavelwlAL
1490 IF ALCO OR ALM1 THEN PINT's ERROR #". ENTER A VALUE BETWEEN 0 L 100M 1600
1700 PWfI PRINT0Por Alpha *;AL;
1710 1F AL FOX THM PRXIamt| EM PKINT 'relact'
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1720 PRINT* the hypothesis that the true mean )>";MZ
1720 PRMIT *-vs- the alternative hypothesis that true mean (S;Mi
1740 GOTO 1450

- 1750 TZ=( SQR(IN) (XB-MZ) SQRMV)
1760 PRINT S PRINT"Test Statistic -",rZ
1770 TX"TZ S DF"IN-l 112"1 . GOSUB 15W00
1700 OTO 1670

HYPOTHESES CONCERNING THE VARIANCE

200OREM #to HYPOTHESES CONCERNING VARIANCE *#*
2010 CLS
2020 PRINT 064,'HYPOTHESIS; NULL ALTERNATIVE' PRINT
2030 PRINT* (1) Var a specified value Var / pefied value
2040 PRINT" or Std. Day. -dito- Std. Dey. -€dito - ° : PRINT
2050 PRINT" (2) Valr (a specifiedl value Var ) Specified value

S2060 PRINT" or Std. Day. -€lito- Std. Day. -€lito-* : PRINKT
2070 PRINT" (3) Vat >,, specified value Var < specfiedl value

S2080 PRINTO or Std. Dav, -dito- Std. Day. -dlito-": PRINT
2090 Z' u$96 : X[=3 : GOSUB 760
2100 CLS : PL-rKT"Da you want to enter VARqIANCE or STD. DEVIATION?"

2110 JPm64 : TIsmV : T2$-'D" . GOSUB 710 IVo
2120 PRI1T"Enter the value the ";* IF ZV-'V" OR ZV-uv" PRINT"VARIANCE61 ELSE PRINTSTD. DEVIATION;
2130 PRINT" is hypothesized to be" INPUT AV
2140 IF ZV0-'D OR 1=Vud* AVmAVcAV
2150 PRINT 0192,"Is the mean known?"
2160 ,P*256: Tl$aY" I T2$m"N" : GOSUD 710
2170 IF ZG-an* OR ZGU"N* GOTO 2190
2150 INPFUaEntor Man*;M4
2190 IF ZG"*N" OR 10"n" OR 1401 TZ M(N-1) 0 Vl)/AV : GOTO 2210
2200 TZ1F0 : FOR I ITO IN :1T Z + (Y() - Z)2: NEXT I TZsT/AV
2210 PRINT : PRINT "Test Statistic ",TZ
2220 IF ZG-M" DFmIN-I ELSE DIM
2230 CX1TZ 12= GOSUD 12000
2240 PRIW "P-Value -';
2250 ON 10 GOSUN 2270, 2410, 2520
2260 RETURN

KVLHY-TESIS I

2270RM( **# MULL HYPOTHESIS I ccc
220 1 2#FOX (=I PRINT 2#FOX ELSE PRINT 2GOX
2290 PRINT : INPUTEnter Desired Alpha Leveol"AL
2300 IF AL(0 OR ALM TUN PRINT*** ERROR t. ENTER A VALUE BETWEEN 0 & 1"OOTO 2290
2310 PRITt PRINT"For Alpha -'AL
2320 IF 29FOX ) I GOTO 2350
2330 IF AL < 2*FOX PRINT*Accept' ELSE PRINT"Re*-t'
2340 00TO 2360
230 I AL C 2#QQX PRINT"ccapt0 ELSE PRINT"Re.ect0"
2360 PRINT the hypothesis tha;t1 IFZ O"V" OR ZV-v" PRINT "VARIANCE'; ELSE PENT "UTD. DEVIATION'?
2370 PRINT I "|N? ZV"V" OR ZVov'" PUu AV ELSE PRINT AV[.5
2360 PRIr-vs- the alternative that " I1F IV'V" OR lZVv" PRINT"VARIACE'; ELSE PRINT "STD, DEVIATIO

2390 PRINT" ofin"31F ZVB*V" OR lV*Ovo PRINETA 0 19E PRINT AV1.3
2400OTO 1450
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MULL HYPOTHESIS 2

241OREM -c. KULL HYPOTHESIS 2 *O*

2420 PRINT QOX
2430 PRINT : INPUT'Enter Desired Alpha Level';AL
2440 IF AL(O OR AL)1 THEN PRINT'-. ERROR *** ENTER A VALUE BETWEEN 0 & 1'OOTO 2430
2450 PRINT : PRINT "For Alpha m";AL
2460 IF ALCOOX PRINT *Ach- V ELSE PRINT *Reject';
2470 PRINT' the hypothesis that the *;: IF ZVa'V" OR ZV'v PRINT'VARIANCE'; ELSE PRINT'STD. DEVIATION
-2

2460 PRINT' ("| IF ZVa'V" OR ZVn'v' PRINT AV ELSE PRINT AVC .5
2490 PRINT"-vs- the alternative that the "3 IF ZV-'V" OR ZVm"v4 PRINT'VARIANCE °' ELSE PRINT'STD. DEVIA
TIONI'
2500 PRINT' )';: IF ZV"V' OR ZVs'v" PRINT AV ELSE PRINT AVE.S
2510 GOTO 1450

NULL HYPOTHESIS 3

252OREM ot* NULL HYPOTHESIS 3 ***
S2530 PRINT FOX

2540 PRINT : INPUT'Enter Desired Alpha Level';AL
2550 IF ALCO OR AL l THEN PRINT'.'. ERROR *** ENTER A VALUE BETWEEN 0 & 1'*OTO 2540
2560 PRINT : PRINT'For Alpha m";AL
2570 IF AL(FOX PRINT "Accept' ELSE PRINT *Reject';
2560 PRINT" the hypothesis that the 0;1 IF ZV'V" OR Vm'v" PRI)IT'VARIANCE'; ELSE PRINT'STD. DEVIATION

259 PRINT )'; IF IV='V" OR ZV='v" PRINT AV ELSE PRINT AV(.5
2600 PRINT'-vs- the alternative that the ";: IF ZVm'V" OR ZVuvO PRINT "VARIANCE'; ELSE PRINT'STD. DEVIA
TION';
2610 PRINT "';: IF ZV='V" OR ZVu'v' PRINT A ELSE PRINT AVE.5
2420 GOTO 1450

CONFIDENCE INTERVAL FOR THE MEAN

3000REI14 ee CONiFIDEIC INTERVAL FOR TRZ WEAK 4..
3010 CLS
3020 PRIT 'Is Variance KnOwn?8 : JTPm 4: TI SmT': T2l'N" I GOS1B 710
3030 IF Z0-N" OR Z0='n" GOTO 3190
3040 PRINT 0, BLS ! PRINT BLS : PRINT G0 .o you want to enter VARIANCE or STD. DEVIATION?" 2 TISV
I T2WD8 : XP044 ol 00511 710: ZVxZQ
300 PRIXT'Entw r " IF ZV-'V" OR ZV'v" PRINVARIANCE'; ELSE PRINT "STD. DEVIATION';
3060 INPUT AV
3070 IF lV.'du OR ZVu'D6 AVuAV#AV
3060 PRINT: IPUT *Enter Desired Confidenc Level (e.g. .95)' A I .l THEN ALmAL/100
3090 IF ALO OR AL)I TIN PRINr'te ERROR '44 ENTER A VALUE BETWEEN 0 & l'OOTO 3000
3100 NO.0 1 Vult : PR=(I+AL)/2 1212 : GOSUB 17000
3110 CLS I PRINT 064, AL*l00;"% CONFIDENCE LIMITS"
3120 PRINT : PRDIT 'TWO SIDED CONFIDENCE LIMITS:,
3130 PRINT" ;:PRINT US#iO'.ee*.o-;Xu-XQ e SORCAV/I));.PRDIT' < True Mean C' RINT USINO'*
*o*@.04X4M4X0 # SOR(AV/IN))
5140 PRAL I GOS 17000
3150 PRINT I PRINT'ONE SIDED CONFIDENCE LIMITS:*
3160 PRINT' Upper ";:PRINT USIO'Ie*ee..o .';XB + (XO 0 SQR(AV/IN))
3170 PRINT' Lower s';:PRINT USING'eXO*e.obe';XU - *xO * SOR(AV/IN))
3100 GOTO 1450
3190 PRINT : INPUT 'Enter Desired Confidence Lvel (e.g. .95)',AL : IF AL) I THEN AL=AL/100
3200 IF ALCO OR AL)1 THEN PRINT".- ERROR -# ENTER A VALUE BETWEEN 0 & 1' GOTO 3190
3210 DF4IN-I) 5 PR,,1+AL)/2 12,, : GOSUB 19000
3220 CLS I PRINT 064, AL*100'% CONFIDENCE LIMITS'
3230 PRINT : PRINT 'TWO SIDED CONFIDENCE LIMITS:'
3240 PRINT' "'NPRINT USINO'#e#ee.e#*';XB-XQ0 * SOR(V/aN-I)1W:PRIrT C True Mean "'UPRINT USING'
**060.ee-:XUdXG * SOR(V/aN-t)))
I5 PR-AL , GOSUB 19000
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3260 PRINT : PRINT"ONE SIDED CONFIDENCE LIMITS:"
3270 PRINT" Upper n*;:PRINT USING"eeeee.eo;X9 .XQ * SQR(V/(IN-I))
3290 PRINT" Lower m*;:PRIT SINGeoee*.#*e-;XB - IXG # SOR(V/(Ix-1))
3290 OTO 1450

CONFIDENCE INTERVAL FOR THE VARIANCE

3300REM *• CONFIDENCE INTERVAL FOR VARIANCE e
3310 CLS
3320 PRINT"Is the Mean Known?" : JP-64 I TIS-" : T2WWN I GOSUB 710
3330 IF lO'"N* OR ZO=On" GOT0 3540
3340 INPUT"Enter Mean"XB
3350 INUFT"Enter Desired Confidence Level (eg. .95);AL SIF AL.) THEM ALmAL/100
3360 IF ALM0 OR AL>l THEN PRINT*"c ERROR *- ENTER A VALUE BETWEEN 0 & I"GOTO 3350
3370 IF 14&1 W2..IX*V : 0T 3390
3360 W2=0 : FOR l-I TO IN: W2,W2 + (Y(I) - XB )E2 : NEXT I
3390 CLS t PRINT 984, AL*100;r% CONFIDENCE LIMITS"
3400 PRINT 0320,4TWO SIDED CONFIDENCE LIMITS:"
3410 DFuIN : PRu(IAL)/2 1 12 . GOS9 18000
3420 PRINT0384," ";:PRINT USINO<9*O*.090";W2/XOSPRINT" (VARIANCE <"
3430 PRINTQ448, ";:PRINT USINo-ee*..oe-";(W 2/xG).;:pRiWr < ST. DEVIATION C'
3440 PR,(I -AL)/2 ' ,0S0 B 18000
3450 PRINT 04L6,=;:PRINT USING-O-ee*.#o#-;W2/X0l
3460 PRINT (9483,"3PRINT USINQ"9***8.*8"h(142XQ).
3470 PRINT:PRINT"ONE SIDED CONFIDENCE LIMITS:"
34M0 PRINT" Variance Std. Dev,"
3490 PROI-AL S GOSUB 18000
3500 PRINT" Upper :PNT Ioe**e*.#e";w2/xo3: PRINT USINooeoeoeee.e..-;w./xoc[s
3510 PRuAL I GOSVB 18000
3520 PRINT " Lower e";"IRINT USING-eeee.eo-;1r2/XO;. PRINT USINO'eeee.*..*....e":a42/xw).5
3530 0T 1450
3540 PRINT I INPUTEnter desired confidence level (e.g. .95);AL S IF AL>I THEN AL-AL/100
3550 IF AL(O OR AL>1 THEN PII[T'0e ERROR #cc ENTER A VALUE BETWEEN 0 & 1":GOT, 3540
3560 CLS I PRINT 0849 AL. 100;'% COMIDENCE LIMITS"
3570 PRINT Q320,"TWO SIDED CONFIDENCE LImI'TS
3500 DI1(m*N-1) PR.41+ALI/2 121 # GOSUB 16000
3590 PRINT3084," "PRIMT usICosee.eto-;axv),xogpqnT- C VARIANCE Cm
3600 PRINTG448," "(PRIXT USIXG-e** e".0-;c(a.v)/XG)E .5;UqPW C STD. DEVIATION <1;
3610 PRu(t-ALS/2 GOS 18000
3620 PRINT 9416,";:PRIXT USING-00000.4e95aNmV/xQg
3630 PRINT G403,0"";PRINT USINO oe.;(NcV)/xWC.5
3640 PRINT:PRINTME SIDED CONFIDENCE LIMITS."
350 PRINT" Variance Std. Deve"
3640 P3.t-AL I GOM013 1000
3670 PRI1N Upper u";RINT UDNO*O*.e.eO;UeV)xOWRN Io"*oe*oo4..e.;(Ncv/x

36 PR-AL S G0M 19000
3690 PRI Lower -sIPRINMT USIMG-t 0e#e",#0-|aN*V)/XQ1RIXT usINo,*eeteeoeo.":c(xcVv/
0)1.5

3700 01O 1450

SOF TESTS FOR EXPONEXTIAL DATA

40003MM eec MENU OF TESTS FOR EXPONENTIAL DATA ccc
4010 CLS I PRINT "DATA IS ASSUMED TO BE EXPONENTIAL
4020 PRINT I PRIMTrMENUr
4030 PRI (1) Test Hypothesis Concerning Mean (or Il/mean)
4040 PRINT" (2) Confidence Interval for Mean (or 1/mean)
4060 PRINT: PRINT"NOTEI both of the ao options allow either the Meen or the"
4060 PRI XT exponential parameter Lanthda 41/meWn) to be used as thm PRINT" r t
4070 iPwW&: 1 1 GOSU 760
4060 ON 10 GOl 4100, 000
4090 RETURN
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h'TPOTHES£S CONCERNING THE MEANM

4100 REM te HYPOTHESES CONCERNING MEAN cc.
4110 CLS I PRINT TAB(26)*MENU'"
4120 PRINT 0128,"Do you want to use the Mean or Lambda fl/mean) as the argum Iet?"
4130 JP 192 I TIa'M" 1 T L" GOSUB 710: ZAZO
4140 IF lA-"I" OR ZA-*L' THEN AN*aImbda" ELSE Aamelan"
4150 PRINT 0128, CHRS(2)55 : PRINT CHR(235)
4140 PRINT Q*4,'HYPOTHESIS:*
4170 PRINT 0128,- MULL ALTERNATIVE"
4190 PRIMTr(1) "A;" a specified value'|I PRINT TAB(35) AS" =/= specified va"ue
4190 P RN .2) ';Ass; (s pecfied value".3 PRINT TAB(35) As#- ) specfied value*
4200 PRIXTo(3) ";A$|" )0 spacied value'U: PRINT TAB(35) A6l1 < specified value*
4210 TP&96 : KSm3 : GOSUB 760
4220 CLS ; PRINT *Enter the hypothesized value of ";A6;:INPUT NZ
4230 IF ZAn'l* OR ZAw,'L' THE CXu2*INtXBfl4Z ELSE CX&2*IX*XB/M[Z
4240 DF=2*lX
4250 PRINT : PRINT *Tot Statistic **ToX
4260 GOSUB 12000
4270 ON310 001UB 4290, 4410, 4530
4290 RETURN

KULL HYPOTHESIS I

429ORE *** MULL HYPOTHESIS I 4*,
4300 IF 2eFOX (a 1 THEN PYV2#FOX ELSE PVs2.OOX
4310 PRINTP-Value -*;PV
4320 PRINT : IPUT*Entr Desired Alpha Lev*10"AL
4330 IF ALCO OR AL)I THEN PRINT'.. ERROR *oo ENTER A VALUE BETWEEN 0 & 1"GOTO4320
4340 PRINT : PRINT*For Alpha s,;AL
4350 IF AL(PV PRINT'Acrept' ELSE PRINT 'Rejectl
4360 PINT* the hypothesis thit the true ";A$;' =;MZ
4370 PRINT'-vs- the alternative, that the true "|AS' -/a';M
4380 PRNT G960,PRESS SPACE BAR TO RETURN TO MAIM MEU';
4390 IF INffET$ 0 GO=O 4390
4400 RETURN

44101R] eoo MULL HYPOTHESIS 2 *eo
4420 PmwrP-VIlue ';; IF ZIAwl OR Z•,L" PRINT FOX USE PRINT G0X
4430 PMEN t D EPU nt Desired Alpha Lve.1*AL
4440 I7 AL<O OR AL1> PRINT'e.. ERROR ." ENTER A VALUE BETH= 0 & I.1'0TO 4430
4450 PRINT'For Alpha -';*AL
4440 IF lAn'l OR I,,'L" GOTO 4490
4470 IF AL<(OX PRINT "Apt'l ELS2 PRT *Reject';
4400 GM7 4500
4490 IF £L<FOX PRINT ACmpt' ELSE VNIT -Reject';
4500 PEW - the hypothesis that the true ";A'r (--,'M
4510 PRINT "-vs- the altemative that the tre ";A$;' >**Z
4,5 001T0 430

4530R3 ee MULL SYPOTHESIS 3 **
4540 PRIX P-Value a'lt IF 1 W'1 OR ZAIsL" PRINT 0OX ELSE PRINT FOX
4=0 PRINTt INPUrinter Desired Alpha LVel"'.AL
4560 17 AL.0 OR AL>1 THEN PEN*T'. nROR s ENTER A VALVE BETWEN 0 I"MO? 4550
457 PRINT Far Alpha O;AL
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4560 IF ZAm"1" OR ZA.'L" GOTO 4610
4590 IF ALCFOX PRINT 'Acept*; ELSE PRINT "Reject'|
4600 GOTO 4620
4610 IF ALZ'OOX PRINT 'Accepto; ELSE PRINT *Reject',
4620 PRINT the hypothes that the true ;A$;" >*;MZ
4630 PRINT * -v%- the alternative that the true *;A$;' <';M
4440 GOTO 4360

CONFIDENCE ITERVAL FOR THE EXPONENTIAL MEAN

500REN .e* CONFIDENCE LEVEL FOR EXPONENTIAL MEAN eoe
5010 CLS I PRINT'CONFIDENCE INTERVAL FOR EXPONENTIAL MEA
5020 PRINT ' IXPUT"Enter Desired Confidence Level ('e.g..95 I'FAL, AL)1 THEN AL-AL/00
5030 IF AL<O OR AL>l THEN PRINT'** ERROR *** ENTER A VALUE BETWEEN 0 & l":GOTO 5020
5040 PR,(I-AL)/2 : DFm2tIN : 12ml : GOSUB 18000
5050 LaXQ/(2*INeXB)
50W0 PRu4ICAL)/2 : QOSUE 18000
5070 UuX/(2*IN*XB)
500 CLS : PRINT 084, AL* 00;°*% CONFIDENCE LIMITS"
5090 PRINT i PRINT'T1O SIDED CONFIDENCE LIMITS:*
5100 PRINT USIIO..ee....e"; /U;:PRnIT' ( True Mean <";:PRINT USNG*@*OOO.O*O'I/L
5110 PRINT USZNO'*ee*e.OOO'1L;:PRINT" < Lambda ('PRINT USNGoo9e:e.o@-;U
5120 PRINT : PRINT"ONE SIDED CONFIDENCE L4XMTS:
5130 PRmAL t GOSUB 18000: U-XQ/(2.INOXB)
5140 PR-I-AL * OOSUB 18000: LmXQ/(2e*iTXB)
5150 PRINT *12.4 I Upper .w;l/L
5160 PRINT a Lower u'Il/U
5170 PRINT *LAMBDA: Upper -l;U
5180 PRINT Lower 1l.
5190 GOTO 4300

mmU o1 TEST! FOR ERNOU.LI DATA

4000 ee MENU OF TESTS FOR DATA ASSUMED TO RE BERNOULLI
4010 CL.I PRINTeDATA IS ASSUMED TO BE BERNOULLI
6420 PRN I PRIN4FNV:
6030 PRINT" (1) Test Hypothesis Concemknig Pro tim (P
6040 PRINTZ (2) Confidencm Intevval far P
60 1440 1 S-21 OOSUB 760
60W0 ON 10 GOSUR 6100, 7000
6070 RETURN

RTP~mlm OMERNMI THE PROPORTION

6100EM to* HTPOTHESES CONCERNING PROPORTION te
4110 CLS : PRINT W'4,IYPOTHESIS NULL ALTATIVEI PRINT
6120 PRINT (1) P a specfied value Ps/ specified value
4130 PRINZ (2) P <a specified value P ) specfied value
4140 PRI NT (3 P . specfied value PC spe<ifed value
4150 J7440 : 1S.3 ! GOSUB 760
6160 CLI I INPUTEnter Hypothesized Value of PoPB
4170 IF PB(0 OR PM) THEN PRINT'.. ERROR e P MUST 1 A VALUE BETWEEN 0 AIM 10 1FOR It TO
2000 8 NEXT : GOTO 6160
6180 1F IN >a 20 THEN YS,(IX * X9 - INC PH) /SR(INe PB * U-PB)) ELSE TS,,I * X8
6190 PRT I PRIMTest Statistic I IF IN C 20 PRINT' (Usig B a CDF EL PR0T (ts i N
ermal CDF?
4300 ON to 00B 4=1 20,4410, 650
4210 RETURN
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MULL HYPOTHESIS 1

6220REX *a# KULL HYPOTHESIS I eec
6230 IF IN >a 20 GOTO 4300
4240 MaIN . 12* 1 . XYS ' GOSUB 11000
62M0 PV*2*PR
6260 IF PV C I 0TO 6290
6270 1K"YS-t ' GOS 12000
620 PVa2e(1-PR)
6290 GOTO 6320
6300 30: VARmI * NX=ABS(YS) 312=1 : OOSUB 10000
6310 PV,2o0OX
6320 PRINT: PRINT'P-Value ,;PV
6330 PRINT: IMPUT'Enter Desired Alpha LeveM'AL
6340 IF AL O OR AL>1 THEN PRINT'** ERROR **. ENTER A VALUE BETWEEN 0 1 0 3 GOTO 6330
6350 IF AL < PV PRINT -Accept'; ELSE PRINT "Repect';
6360 PRINT' the hypothesis that the true value of P x-;PB
6370 PRNT"-vs- the alternative that the true value of P -/mi'PB
630 PRINT: PRINT'* PRESS SPACE BAR TO RETURN TO MAIN MENU"
6390 IF INKEYS ) "GOTO 630

4W0 RETURN

NULL HYPOTHESIS 2

4410R34 *** NULL HYPOTHESIS 2 'ec
4420 I? IN )a 20 GOTO 40
4430 N-IN : K=YS- :2a1 : GSUB t1000
4440 1VI-PR
"50 GOTO 640
4460 MUm0 I VARmI I NXaYS: 121 : 005]3 10000
4470 PYGQOX
4460 PRINT $ PRINT'P-Vaue ':PIV1490 PRINT S INPUT'Enter Desired Alpha LeveM'AL
45001 ALCO OR AL1 THEN PRINT'... ERROR o" ENETER A VALUE BETWEEN 0 1':OOTO 4490
4810 IF AL ( PW PRINT "Acpt'; ELSE PRINT 'Reject'
4520 PRINT" the hypothesis that the true value of P <'W=R
6830 PRPINT-vs- the alternative that the true value of P )'PB
454000O10 460

SNULL HYPOTHESIS

6.WO0NM 9*0 NULL RTPOTISSIS 3 o

40 IF IN )a 20 0OTO 600
64570 NIN I Z,,YS 3 12m 1 :10013 11000
40 PV=R
490 0010 4420
600 MA10 1 VARI XX-TS :1 2,1 : G6B 10000

4410 PV-POX
420 PRINT : PRINT'P'-Value w';PV

30 PRINT IXPUT'Enter Desired Alpha Lwavel'AL
64017 AL(O OR ALI THEN PRINT'... ERROR *" ENTER A VALUE BETWEEN 04 1' 3 0010 430

M 4,50 AL 4C PV PRIT 'Acceptl0 ELSE PRINT 'Reject'3
40 PRINT' The hypothesis that the true value of P )='6PB
4470 PRINT'-vs- the alternative that the true value of P 4
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CONFIDENCE INTERVAL FOR PROPORTION

7000RMM #* CONFIDENCE INTERVAL FOR PROPORTION.*
7010 CLS,

* 7020 INPUTEntw the doeed confideqIcM level (eg. .95)'*AL: IF AL)1 ALwAL/100
7030 IF AL<O OR AL)l THU1 PRINT'** ERROR *** ENTER A VALUE B914EEN1 0 to 101OT0 7020
7040 PR4(I*AL)/2
7050 D~w2eIX - 2*INX3X + 2 :DDo2*~XDX : 12=.1 GOSUB 20000
7060 CLS IPRINT (084t ALoIOOr*% CONFIDENCE LIXITSO
7070 PRINT: PRIKTTWO SIDED CONFIDENCE UIMITS6
7060 Lw(IN * XD) / ((lN*XB) * (IN - IX*19U+ 1) * XO)
7090 PRN ;L2(< True Value of P <1
7100 D~n2o1N*X3 + 2 : DDw29IN - 2.IX3 I: GOSUB 20000
7110 UQIX s1) *X01 / id - IN*1) + ax *X9 *X)
7120 PRINT U
7130 PRINT :PRINTONE SIDED CONFIDENCE LINITS:4
7140 PRwAL GOSUD 20000
7150OPRINT" Uppev.;((IKX* 1)*XQ) / (K- IN*X3),(lNXX +1) XO)
7160 03.2*L31- 2*131*1: DDs2*IKXXB GOSUB 20000
7170PRINT" Lower ul~aI* X)/ (IN X + (N - IN*X8 1) XG)

7160 a0m 4M6

10000311 #**NORMAL DISTRIBUTION *#*
10010 SD.SOR(VAR)
1002 XNOIXX-MUI/SD:AXuABSIXX)
10030 XZ.390423.EXP((-AX*AXV/2)
10040 MTw1/(1..23419*AX)
10060 OOXaXZ(.319365.KT-(.354364lTE2)q.1791476.NTC3HI(.821254eNTC4)4(l.33027437C5)
10060 IF 131(00070 10090
10070 FOXslvOOX
1006 RETURN
tam90101.001
10100 001.1-FOX
10110 8TURK

11000311 #** BINOMIAL DISTRIBUTION *
11010 Paso
11020OIF 1(0 C07011060
11020 IF K >a N TH30N P3.1I:0070O11060
11040 FOR 33.0 TO Kc
11050 ToWN : GOsuU 11090
11060 PRPR+ BC f, P3133* (1-POIEC(N-33
11070 NIX? 33

11090 3C0230 3. 1333 3.u3

2'11100 FORUMet TO T8
11110 IF I~eC30O170
11120 IFW >a 31 THIN B 3.310(BI)
It130 IF GO)>DI 0070 11t210ii 11140 IF Q9 91 Mmi BC.-3 GO7O 11210
11150 Ku3C + LOOM(3)
111400070O11210
11 170 IF= 0)w al TWIN BoB3+LOC(IM

.1111101IF 03IW THU0011210
4 11 190 IF 3 a 317313 3C-2 10070 11210

11200 DCaNC LOG=(3

89



11210 NEXT BI
11220 BCsEXP(BC)
11220 RETURN

CH1-SQUARE DISTRIBUTION

1200CREM o* CHI-SOUARE DuSTRIBUTION
12010 IF DF>30 GOTO 12220
12020 DPNI
12030 FOR ImINT(DY) TO 2 STEP -2
12040 DP.DP9I
12050 NEXT I
12060 NP.CXC (!N((DF.1 )/2))OEXPI-CX/2)/DP
12070 IF ZW(DF2)0DF/2 GOTO 12100
12060 PCOSOR42/CX/3.141593)
12090 0070 12110
12100 PCot
12110 M~al
12120 4Cm I
12130 DED?
1214013D.2

* 12150 R4CaKC*CX/D
12160!?F MCC.O00001 0070 12190
12170 LCmLC+MC
12180 0070 12140
12190 FOXoPC*NP*LC
12200 QOX. 1-FOX
12210 RETURN
12220 )XuUCXIDF)E(113) - (1-i2V*D?))))/SORW2(9*D1))
12230 HyinG VAal~ : I2= I
12240 OOSUU 10000
12250 RETURN

15WOREN *.. t-DISTRIBUTIOX .
15010 IF TX<0 1301 ELSE 13w0

IS0O FOXN(AT*1)/2
15070 GOXwl-FOX

15090 IF INTf(DF/2)=DF/2 00M01I22
15100!?7 D~n3 0070 15370
15110 T5=03 TPO I :TCwCOSf I I A)
15120 FOR Is1 TO IXT((DY-33/2)
15130 TPuTP*2*1/(1+213
15140 ?CaTC.(COSTUETAC2)
15150 TUWTS*(MPTC)
15160 NEXT I
15170 TSOT5.COS(TNETA)

15130 ATU.4364195.4T)IETA4UINTNETA)'TS))

151"30AThETAI

15M2 QOX. 1-FOX
15210 OOTO 1540
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15270 TSO TPut :TCsI
15280 FOR XI TO IKT(DF-2)i'2)
15290 TP.TPO((2*I)-1( /201)
1530 TCNTCO(COS(THETA)C21

* 15310 TSaTS'(TP*TC)
15320 NEXT!I
1533 AT=SIX(TNETA)O(1.TS)
15340 FOXC4AT.1)/2
1535 QOX. 1-FOX
15360 COTO 15400
15370 AT..6366190.(THETA(SI(THETA)COSTNETA)))
1536 FOXn4AT.1)/2
15390 GOXm 1 -FOX
15400 PXUTX
15410 IF 13.0 RETURN
15420 GOX=FOX
15430 FOXaI-GOX
15440 RETURN
15450 MXnt TX t (I - .5/OF) )ISOR(1 + .5*TXE2/DF)
15440 MUO : VARlI I" 1.=I GOSUD 10000
15470 PXsTX

16040M ~ A.K F/DISTRD) IUI

16050 IF AICI-37 TEN AI=lE-37
16060 01D.0145 D2sDD*.5 03=01.02-1
160703.0231.~0 : 52.0 D Ml I Cm.25
16060 XMal : XK.1 I P1.3.141593 1 131.0
1609 KXlTQm2).2
16100 IF 131011 G0TO 16290

16120 IF 13.0 0010 16210
16130103R1I1 TO I
16140 UIUOLSI.R
16150 D2802-1
16160 03.03-1
16170 TZX.A1/D2
16190 RmD3*TEN
16192.4R.TEN)*52
16200 X1XT
16210 SI.DL+1103
1622001.48
1623 T.-1
16240 D3.-1
1630 82NA*62
16260 C.C*.5

* 162700010 1t6460
1626 KX.DIT(D2)
16290 IF 13.0 GOT016390
1640 FOR 1.1 TO lCX
16310 61.OL+SI.R
16320 D2.02-I
16330 VJ&03-1

41640 K.AI/lD2
163= R8039TD9
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1634 52n(R.TEM140
14370 NEXT I
1438 S1BXX.S1
1439 S2uXK*S2
14400 ARTw4OR(At I
14410 XMwXI*AR'T
14420 T=4XI-ART)/AL
1443 D3-.5
1444 XIC-2IP!
1445 CwC#2
1444 IF 0.975 OCM 14550
14470 02s01
1440 2I0

14570 IF C0.125 THEN FOX-CtATK

1WIF FOX%1 THU O t
1 OXm 1 -FOX
1"0RETURN

16420 MU0 : VARaI
166m 80Cm 10000
14440 RETURN

17000 REM * ** INVERSE NORMAL DISTRIBUTION.*
17010? IFR).5 THUN RL4ORU.O0(1/(1-R)C2)H) ELSE RL=SQR(LOG( 1/(?R12)3)
37020 XQ-.-((2.515517.J0253RL).(.01038R2))/((1.432788RL).69 49RL2)(.0136RL3m3
17030 IF PRlin.S THEN XQ-mMO+(SOR(VR)#XQ) ELSE XQ.MO-=5R(VR)#XG)
1700 RETURN

W9000RE *** INVERSE C HI-SQUARE DISTRIBUTION .
1W0W MONO VREI 11201 t:71-PR
1IS2 IF 0FD1 GOTO 16070
160M PRO05.(l-pZ)
1604 GOSUR 17000

13060 RETURN
16070 IF 07>2 G=T 10100
16S6 XQo-2*L00(1-FL)

16100 OOSUU 17000

4 101201IF DI)42IXT(44A39(D))b 00TO 18220
10130 X"ul.0000084 - .223736/0? - .01513904/0712

-. 4 18140 X9-X94DRt-.3 DG *0 1.471394. .02407002/07- 096007/DFC 2)1
* 10150 X90X9* +lD WO D0C2 * (.000134002. +.0112S186fDF * .0227747Y/DFC21)

1160 X9.1, # (O71-1.5 * D0013. (-096553069 - .01153741/D7 - .01323293/DFC211
10170 X9.19 * Wt -2 * 0014. (.0031255. +00M49654/DP - .004950356/DFC2)!
10160 X9.X9 + (O71-2.5 * DOES5* (-.00M426812. .00253001/DF * .001060436/DFC2D)

* 16190 X9.19 + tO1-3 s 0014 o (.00009790499 - .001450117/01 # .001563324M/071
* 10Is= 10.07.19(3
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19210 RETURN
10220 X9*1 - 2/(9*07) *(400=4 14.0012 -29)/41215*0F12)
18230 X9=X9 * (8.0016 + 720*0014 + 312b.DQC2 + 2904)1(229635*0713)
18240 X800Q/3 * (-0013 + 3*DQ)/(I62*0F)
18250 X8mXS - (300015 + 40*0013 + 45#DQV/(5832*DF12)
18260 X8xX8 + (301#0017 - 1517.0015 -32769*0013 - 79349.O0)/(7873200*0F13)
16270 Xe- SQR(2/DF) 0 X8
162M XQmDF * ((X8+X9)(3)

16290 RETURN

ii 16310 DELTAw.01
1IS2 00613 12000
1633 IF ADS(MRFOXK.00001 THEN XOwCX :RETURNI 16340 IF PR < FOX THEN CXwCX-DELTA
163M IF PR ( FOX THEN DELTA-oELTA/10
16360 IF PR < FOX 0070 18320
16370 CX-CX*DELTA
1636 GOTO 16320

19M0REXl **# INVERSE t-DISTRIBVTIQN .

19010 M0.0 : 71uI1 12m 1
19020 00613 17000
1903 XCwXO
1904 XO..25o fXCC3 + XC))IDF
1906 XO.XQ M/(196)4 * (5XC + 16*XC13 + 3*%C))/DFt2
1906 X0wXO (1/384) # (3*XC(7 * 19.XCIS.+ 17.XC[3 -15.XC))/DFC3
19070 XO.X0. ((1/921601 * (79*XC9 + 774.XCE7 * 1482*XCE3 -1920*XCC3 -945*XC))/DF(4
1906 IQS XC . 1
19090IF )3MRETURN-
19100 DELTAuI
19110 TXO
19120 00613 1500
19130 IF ABS(PR-FOX) (.00001ITRE X~uTX 2 RETURN

195 FPR ( FOX THEN3 DELTAnOELTA/10
191601IF PR < FOX THEU 0070 19120
19170 TX-lI 4OELTA
19160 0070 19120

20000I *** INVERSE F-DISTRIUVTION 4

200101 37 O ( 20 OR DD0<20 0070 20090
020 X0O VRml Mal1

2000 061 17000
200403- 2. * +1(0-) 1/D- )
20060 LM a(X012 -3W/6
20%60 WXs(X # 601(11 + LIV)/M (11(01- 1) - 11(0- 1)4 (LX 5/4 -2/(3*8))

20070 IS a EXP(2411X)
20060 RETURN
200901 0F3D01 AND 0001 OR ot AND 0M-l 007020190
20100 P3-PR: IF? ON-i THEN Pba(l.PR)/2 ELSE PRw1-PR/2
201101 IFN-mI THEN 07-00 ELSE 07-ON
2012001 19000w
20130 XO-X09XIO 11 V0-1 TREN X0-1110

* - 20140 PREM
20150 IF Pit*."9 TIN X-.994*XG : 0070 20180
201601V PEJ75 AMD 0303 TUIN XO-.flSXG 3007020160
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20170 IF PR,.95 AND DN)3 THEN XG-. 6.XO
20180 RETURN
20190 IF PR1.999 AND DDaI THEN XQ.9E+36 : RETURN
20200 IF PR).997 AND DD-1 THEN DELTA-500000: GOTO 20270
20210 IF PR>.995 AND DD2I THEN CELTA=15000: GOTO 20270
20220 IF PR>.99 AND DD=1 THEN DELTA.,5000 ; GOTO 20270
20230 IF PR).975 AND DD-! OR PR.999 AND DD,2 THEN DELTAOO : GOTO 20270
20240 IF PR.9 AND DD-I OR PRZ>.99 AND DD<=2 OR PMw.999 AND DD<-3 THEN DELTA -100 :GOTO 20270
20250 IF PR.>.99 AND DD<-3 THEN DELTA=50: GOTO 20270
2020 IF PR)=.975 AND DD<=2 THEN DELTA50 ELSE DELTAnI0
20270 LL'0
20280 FXmDEL TA
20290 GOSUB 16000
20300 IF ABS(PR-FOXK<.00001 THEN XO-FX : RETURN

' 20310 IF PR"FOX THEN DELTA-DELTA/2 : FX-DELTA : GOTO 20290
20320 LL=FX ' FX-FX DELTA '. UL=FX '. GOSUB 1600

b. 20330 IF AES(PR-FOX)<-.00001 THEN XQ=FX :RETURN

20340 DELTAa(UL-LL)/2
20350 FXaLL*DELTA
20360 OOSUB 16000
20370 IF ABS(PR-FOX)-.0000! THEN XOUFX I RETURN
S20380 PRFOX THEN LL-FX ELSE UL-FX
20390 GOTO 20340

PROGRAM SELECTION MENU

22000REN **. PROGRAM SELECTION MENU ...
22010 CLS
22020 PRINT TAB(20)*PROGRAM SELECTION MENU"
22030 PRINT 0128,*01 Data 1/O. Transformation,, Prob. & Inv. Prob. Distributions:PRINT
22040 PRINT*02 SampLe Stat's. 7-Num-Sum, Plots^:PRIXT
22050 PRINT*e3 Par.ametic Tests of Hypotheses and Confidence Intorvals*:PRINT
22060 PRINT"04 Robust Estitmates and Confidence Intervals"PRINT
22070 PRINT05 Multiple Linear Reqresston" PRINT
22060 PRINT"04 Analysis of Variance'
22090 TP896: KS-6 : GOSUB 760
22100 IF 10-3 GOTO 10
22110 IF 10*4 THEN ZT-"2":GOTO 22130
22120 IF 101 OR 10-2 THEN l"T-.V ELSE ZT.'3"
22130 IF 10=1 OR 10=5 THEN 101 ELSE 10=2

k22140 CLS
22150 PRITMsERT TAPE #,;- INTO ESF-60 AND PRESS SPACE DArW
22160 IF rNKETS0" *GOTO 22140
22170 @LOAD M0

KID OF PROGRAM 93
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10 LOSCHRS(123) : RBSnCHRS(125) BLiCHRS(250)
20REM **MAIN MENU#
30 IF 14=1 GOTO 130
40 CLS : PRINT TAB(Z0) "*** M E N U cc.' PRINT
50 PRINT'(l) Robust-t Confidence Intervals for the Population Mean' I PRINT
60 PRINT"(2) Confidence Interval for the Median': PRINT
70 PRINT"(3) Jackknife (Point Estimates & Confidence Intervals)* : PRINT
90 PRINT"(4) Return to Program Selection Menu
90 KP=768: KSs4
100 GOSUS 180
110 ON I0 GOSUB 500. 2000, 3000, 10000
120 GOTO 20
130 CLS
140 PRINT"None of the sub~routines in Program 04 are applicable since only sample statistics were entered, Pro
se the SPACE BAR to access tne program selectin menu.
150 IF INXEYS0* * GOTO 150
160 CLS
170 GOTO 10000
180 PRINT QKP*.,'OPTION DESIRED -;LBs;CHRS(176);RB$;
190 ZI=INKEYS I IF %Is" GOTd 190ELSE IO-VAL(ZI)
200 PRINT QKP#21,ZI : FOR Ive TO 100 ' NEXT
210 IF 10(1 OR IO)KS THEN PIUNT GKP, BLS PRINT KP,**** NOT A VALID OPTION too° I FOR 1l TO 1000 1
NEXT : PRINT OEP, BLS : GOTO 180
220 RETURN

5OOREM too ROBUST-t SUBROUTINES toe
%t0 CLS
520 PRINT TABY22RONUST-t TICHXIGINIS* ! PRINT
530 PRINT- The two robust techniiques listed below are useful in*
540 PRNXTcalcuating confidence intervals for the population mean'
50 PRIN'whut known or suspected outliers violate the assumption of'
560 PRINTnear normality;"
570 PRINT
590 PRINT" (1 Winsoruned-t Tentnique
590 PRINT* (2) Trimmed-t Technique
600 KP96 1S2 : GOSUB 180
410 CLS
420 IF 0a1 ZR'Wlnswinzmn ELSE ZR.'Trimmng"
630 PRINT"Entor Desired Level of *IRr e 0 max)";: INPUT TO
640 IF 3IG00 THEN WM=XB : 4SoSORtVI) . GOTO 810
W0 FOR Int TO JO

660 UII.Y(JTG#I)
670 UN(DRY(UN-3"O)
680 NEXT I
690 SMNO
700 92w0
710 FOR lat TO JO

9720
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730 S2mS214(I)[2 *WWWC)2
740 NEXT I
750 FOR 1uTG+1 TO IN-JO
740 SMumSM.Y(I)
770 s2aS2+YCI)r?
760 NEXT I
7" MM=SM/iN
800 WSmSOR((92-(SM! 2)/IN )/(IN-)

610 ON 10 006DB 1000, 1500

1000REI4 0#9 WISORIZED-tto
1010 CLS
1020 PRINT TAB(25)'WIXSORIZED - t
1030 PRIN? 01128."At Level n*;3G
1040 PRINT"Winsorizad Point Estunate for the gemn u;UM
1050 PRINT I I PUTEnter Desired Confidmnce Level (0-g- -95)MAL
1060 IF AL~nl THEN ALuAL/100
1070 PR&41+AL)12
1060 DFmIN-2*53G-1
1090 GOSUD 8000
1100 PRINT t PRINT AL.IO0;r% CONFIDENCE ITr=VALm
1110 PRINT:I PRINT TAR(15) NM - (fI-1)/(DF) 0 XG. * S/SQR(I3);',( True Mean <* U M M I-)/(DFI XQ U

1120 PRINT 0960.'PRESS SPACE BAR TO RETURN TO MAIN MENU*
113 I3IF INXEYS 0 OT 1130
1140 RETURN

ISOOREM ##' TRIMMED-t
1510 CLS I PRINT TA3E25)OTRINED-ts
1520 PRINT 0126.eAt Level m*;SO
1530 PRINTm rivne Point Estunate for the Mean ad;

1350 FOR Iu.7041 TO IN-JO
1540 SxmSM+*YU)
1570 NEXT I

1530 RTmS((IN-1f2oJ--)0)S2
1600 PRINT TM
1410 PRINT I IXP1TEnter Desired Confidence Level (eg. .95)AL
16"0 TF AL~u1 THU ALmAL/100
1630 DF*IN-2*JO-1
1440 PR(1.ALI/2
1480 OOSUB 8000
1440 PRINT I PRINT TAD(lS) TM - XQSOR(RW/UJI-2*ZO))rC True Neaw <61TN XG*SGR(RN/(IN-2.JG))
1470 PRINT G960,*PRESS SPACE BAR TO RETURN TO MAIN MEND";
.1400 IF INlETS 0 OOTO 160
1690 RET URN

eou ENxCE INTERVAL FOR THE MEDIAN

* 200MM too CONFIDENCE INTERVALS FOR THE MEDIAN e
2010 CLS
2020 PRINT 913,mCONP!DENCR INTERVAL FOR THE MEDIANG

* 2030 PRINT 0126.' Calomation of a confidence intervA for the mnedtan, is'
2040 PRINT"basse an thle bOiAmal distnbutlan which is. of awse, a dis-8
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2050 PRN 'crete distribution. An interval will be caliited uch that-
t. 2060 PRNT'the confidence level you soeciFy will be met or exc*ed.

2070 PRINT : INPUJT"Enter Desired Confidence Level (e4. .95);AL
200 IF ALJ.- THEN AL-ALJ 1O0
2090 CLS : PRINT (471,'CALCULATIXG*
2100 P-.5
21 10 PR-O
2120 IF IN(-30 9-0: COTO 2180
2130 IF IN>-150 89-55 : GOTO 2170
2140 IF IN)1a00 B9-35: GOTO 2170
2150 IF IN)s0 B920 : GOTO 2170
2160 IF INE-40 THEN BB-12 ELSE BB-6
2170 MU-S : VAR*.25/IN : GOTO 2210
2180 OOSUB 2500
2190 PH R PH
2Z200 PR=PR + BC * P[ IN : OOTO 2220

( 2210 IqH-PR : NX-(BB+.5)/IN : GOSUB 5000; PR-FOX
J ~2220 IF PR < Q1 - AU/)2 THEN BBuBB+ I : IF WX30 GOTO 2210EL.SE COTO 210

2230 PR-l-2#PH
2240 CLS
2250 IF PRf THEN PR-.995
2260 PRINT Qt0,*;':PRINT USINOG#*#.S.;PR*100;:PRNr-% CONFIDENCE INTERVAL FOR THE MEDIAN"
2270 IF BBz0 THEN i BB e I
2280 PRINT 0148# Y(BB);'< Median <1; Y(IN-8B+D)

2290-FOR B a RI TO Si-I
2300 PRINT (?960,*PRESS SPACE BAR TO RETURN TO MWEXU
2310 IF INKEY$ " GOTO 2310
2320 RVEIURN
2500RM **e BINOMIAL COEFFICIENT tee
2 10 BC-0 : Bwo : SD-BB : QB"IN-BB
2520 FOR DI-1 TO IN

• | 24530 IF SB nGB OOTO 2590

240 IF SBU>BI THEN BB+LOG(UI)
20 IF OB)BI GOTO 2630
2060 IF QB=BI THEN BC-B 'OTO 260
2570 BC-BC + LOG(BZ1
2500 000 2630
2590 IF OBBI THEN BB+L0G(B)
2600 IF SBBI THEN OTO 2630
2610 IF SB-BI THEN BC-B : GO0 2630
2420 BCsBC+LOG(BI)
2630 NEXT BI
2640 BC a EXP(BC)
2630 RETURN

TACKINIFE ESTHATES & COIDENCE INTERVALS

3000REM **# TACKKNIFE SUBROUTINE **
3010 CLS : PRINT TAB(22) NT A C X K N I F E4
3020 PR : PRINT'The jackknife tecinuW is useful for reduing bias in tle estimates of parmeter aid i
a obtaining robust interval estimates.
303 PRINT
3040 PRDIT*NO1E 1: Estumate & Conf. Int. for Variance are based an Tadt- knife of loglbase 10) of s : PRINT
3050 PRINT"NOTE 21 Sackknife Est. & Conf. Int. for the Mean amre identical to dassical calculations mn arm ai
uded here for c nvenience only.
3060 PRINT
3070 PRIUNT ":D:'l'RI;" Mean'
300 PRI T "LB.;'2*;RBS;" Variance'
3090 XP~ 'K KS*2 ' GOSU 180
3100 CLS.IF 10t THEM PE-XB : IMai: SDnM(VI) I GOTO 3220
3120 PMLOG(SR(V I))/LOG(10)
3130 P ,0 6 52-0
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3140 FOR lo1 TO IN STEP IN
3150 GOSUD 3450
3160 SVu(IN/IH).PM - (IN/IM-l)LOI

3 3170 S2sS2 + SV#SV
* 3130 P1-PE + SV

3190 NEXT I
3200 SD-SQR( (S2 - (PEEr2)/(lN/I))/(ININ-l1)
3210 PE-PE#IH/IN
3215 CLS
3220 PRINT 0,CHRM253): PRINT'PoIin estimate of
3230 IF 10st Wo"Mean* ELSE ZP=*Vanianco*
3240 PRINT ZP' a';
32501IF10.1 PRINT PE ELSE PRINT IO(PE+PE)
3260 IF 10=2 PRINT"Point estimate of Std. Deviation o"HOEP1
3270 PRINT : INPUT"Enter the desired Confidence Level (eg. .95)"MAL
3260 IF AL)1l THEN ALsAL/ 100
32"0 Pb1 - (1-AL)/2: IF PR)1 PR-PR/l00
3300 D?-IN/IH-l : l2-I 1 GOSUS 8000
3310 LaP! - XO * SD/SQR(IN/IH) 1 IF IO02 LalOC(L+L)
3320 oPE + XQ * SD/SQR(IN/IH) : IF 10-2 U.oC0(U+U)
3330 PRINT:I PRINT AL# i00;% Confidence IntervalW
3340 PRINT' ;L;* < True Value of '*?P*. <C*U
3350 IF 0-2 PRrNT* *.*SRWfl <True Value of Std. Deviation <'W0R(U)
3360 PRINT :. PRINT : PRINT : PRINT****. PRESS SPACE BAR TO RETURN TO MAIN MENV"
33701IF INKT 0 GOTO 3370
3M8 RETURN
3W 0S1-0: FOR InI TO 5
3405 IF INIIT(IN/1) THEN POW-Il ELSE PG(I)-0
3410 IF POW-Il THEN SPs4P~l
3415 NEXT I
3420 CLS : IFS51> THEN 3432 ELSE PRINT'* Since"U;Nr~the sample size) is a prime number it is onlyw
3425 PRINrpossible to jackknife in groups of 1. For large sample sizes, computation time is excessive.';
3430 PRINT:GOTO 3433
3432 PRINT You may jackknife in groups as listed below. Computation time is a function of both the sample
size and group size and becomes excessive with large samples and small groups.*
3433 PRINT:PRINlesg. Samnple Siao Group Suze Approx. Tiw*Me" PRoT10 1 25 a"MYU
M I1 PRINT' 100 2 8 min.MPRINTO 50 1 4 Mn.0

3434 PMUMPFOR~o ma'.M"GMB'1T

3435 XLnt:PRIN or":PRINTacdunife in groups of:4

3430 FOR let TO 5N
3470 IF C1 OR )uI.I THE N SXSMRYmT 41L6;L L EILSE. (T=)C2 :I TL HU33
3442 I IG~lTETsJ*:NX
3444 LRINTL096,1 dct Opio SN2U- M/UNI.I-I 16;RS

3440 RIT VURN HADMI*ITENRTR
3440 FORT IH TO NR3444 XX?11-IRTR

3460FORTINTO INTP

340 XX-RD(IN

3510 RY-RY U R YWRIII1(I)R

3570 NEXT I
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500031 too NORMAL DISTRIDVTION ooo
5010 SDSORiVAR)
302 XN&Q4X-MUI/SD:AXOADS(XNI 50S0 XZU.3969423*EXPU(-AX*AX)/2)
504 KTu1/(1..2316419*AXI
50M OOXaXZ((3193815.Mfl-(.35 38.MTE2)(.7147s*rrc3H-u 21254.MTC4H1 .32024.KTC50)
No 0IF XN(0 0070 5O0
5070 FOX=l-GOX

SW FOxQO~x
5100 GOX. I-FOX
5110 XMRuX

t- DISTRDTIM-

400031 *** t-DISTRIBUTION *
4010 IF TX(0 1301 ELSE 1360
4020 IF DF)25 0070 6450

6W01 I (DFI2)DFI2 600762

4107M 0 ATnA3619*TC-CZ mI
6W2 FOR 11 TO X7CD-3/2

4140 7Cc.(OTh TC 2)~~z

4150 TS.47?PTC)
4140 3X17 I
4170 TSOT3.COS47IETAM
4110 ATu.434199.47TEA.4SIN47HETA)7S))
4190 F0Xw(AT.1DI2
4m0 C01.1-FOX
4210 0070 4400
4= 01? 0702 0070 4270
4=2 A7.zMI7IrrA)
4240 FOX(AT#1)/2
4200 0ot-FOX
426000704400
4=7 T~vQI TPat TC=I
6M0 FOR lot TO INTIUDF-2)/21
&M9 TP7TP(2@I)-1/(2.fl
430 TCwTCfCOS4THITA)C2)
4310 7T~SmT77'?C)

430 £TwI1A)*4t+TS)
4&M FOXm(A74I/2
6m0 001.1-OX
&W a0m0440
4M7 AT.43441906(TEITA.INI7NKTA).CS(73Am)
43M FOXA4AT.1)/2

2~6 &wOXw1-vOX
444 P1.71
4410 IF I3. #BMWn
41 a01-FOX

44m FOlat-GOx

444031-4?! 9I 41 .25/D t/I3I *TX[72/DP)
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4W0141.0: VARm I12m 1 GO5113W0
8470 PX*TX
60 JETURN

700ORKH *#0 INVERSE NORMAL DISTRIBUTION e
7010 17 PR>.5 THEN RL*SOR(LOG(1/((1-PR)C2))) ELSE RLmSGR(LOO( l/(PRCZ)))
7020 XO-RL-((2.515517.(.802853eRL).(.010328eRL(2))/(1.(1 .4327880RL)*(.189289RLC2).(.001306RLC3)))
7030 IF PR~m.5 THEN XO-K~oc(SOR(VR)*XQ) ELSE X0.=MO-(SGR(VR)*XQ)
7040 RETURN

6000331 ### INVERSE t-DISTRIU ION *
6010 NO00: VRw I :12=1
6m02006117000

604 X0.4.5 0 EXC13 + XC))/DF
605 X0.XQ + ((1/96) * 45*XCE5 + 16*XC!3 + 3*XC))/DF[2
60W IQwXQ + ((1/384) * (3XC[7 + 19*XCE5 # 17*XCE3 -15*XCH)/DFC3
6070 X0-10 + ((0/92160) * (79*XCC9 + 77&#XCC7 1 462cXCE5 -1920*XCC3 -945*XC)I/D7C4
em6 XO- XC + XG
690 I DF>3 RETURN
6100 DELTAI
6110 71.10
6120 006113 6000
6130 IF ABS(PR-FOX) < .0000 1 THEM X0wTX I RETURN
6140 IF PR C FOX THEM TX=TX-DELTA
6150 IF PR < FOX THEN DELTAuDELTA/10
060 IF PR < FOX THEN 0070 6120
6170 TXwTX+DELTA
6160 0070O 8120

10000= *** PROGRAM SELECTION MENU c
10010 CLI WRINT TAB(20)*PROGRAM SELECTION MENU*
1002 PRINT 9128.601 Data 1/0. Transformations. Prob. & Inv. Prob. Distributig1UVIT
10030 FRINT 62 Sample Stat'g, 7-Nurn-Sum. Plots':PRIMT
10040 PRINT'03 Parametric Tests of Hypatheses and Confidence Interval:PRINT
10050 PENTfO4 Robust Estimates and Confidence Intervats*: PRIN
10060 PRIMT*0 Multiple, Linear Regression"FRIT
I007 PRINT#4 Analysis of Variance'
100m KPB898 : zs-X : oOSUu ISO
1009 IF 10.4 0070 20
101001 10.I~3 THEN ZT=*20 10070 10120
10110 17 10-1I OR 10=. THlEM Tl * ELSE ZT=*?
10120 CLS
10130 IF10.1 OR 10.3 OR 10.6 TURN10. ELSE 10.2
10140 CLS

4 10150 PRINT*INSERT TAPE VZTr INTO ZSF-40 AND PR=6 SPACE 3WR
10160 IF IKTbO 0070M 10160

* 10170 GLOADI

MMOF PROGRAM 64
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5 CLEAR
10 DIM MN(100,10), VC(10010), VTV(10,100). RV(100). RH(100), 1(100). 3(100), ID(20)
20 DEMSTR Z ' DEFINT I-K
25 LBSOCHR$(123) : RDBsCHR6(125): BL$CHR,(252)
30R31) ,** PROGRAM DISCREPTION *
40 CLS
SOPRINT* * MULTIPLE LINEAR REGRESSION *"
60 PRINT : PRINT I This program fits a linear model to the data by th imthod of Ordinary Least Squares (OL5
). Parameters and statistics cal-oulated include the equation ceffionets, standardized cbeffi- ants, ":
70 PRINT 'partial F statistics For the coeffiients, correlation matnz, Hat Matrix (diagonal elements) and ANOV
A table.
90 PRINT
90PRINT' MODEL' TaO9 1*XI *1 2*12...Bn*Xn
100 PRINT : PRI T' WHERE: I r Response Variable
110 PRINrT XI ... Xn a Carrier Variablest 120 PRINT* 90 a Constant ( T Intercept

130 PRINT" 1 ... Bn s Coefficints of Carrmer Variables
140 PRINT : PRINT' PRESS SPACE BAR TO CONTINUEO;
150 IF INKEYO 0 • GOTO 150
160 CLS
170 FOR IIS TO 59: SET(I,3) : NEXT
175 PRINT @10,°PROGRAM LIMITATIONS°:
160 PRINT 9128,'(&) No more than 9 carrier variables
190 PRINT 0256,'(b) No more than 10t) observations

. 200 PRINT 0465.'MEXU:': FOR I=30 TO 46: SETCI.24):NEXT
210 PRINT 0576.'(1) Data 1/O
220 PRINT : PRINT'(2) Program Selection Menu*
230 1494 : xS-2 : GOS11 300
240 0 10 OOTO 400, 10000

300R ee OPTION SELECTION
310 PRINT OXII,'OPTION DESIRED "':LBS;CHR$4I76);RBI*
320 Z"INIKETI : IF %Is" GOTO 320ELSE IOVAJ.L()
330 PRINT QKI#21, Z; : FOR 11 TO 100 : NEXT
340 IF 10<1 OR IO)KS THEN PRINT O?.P, BLI;: PRINT 99P,'*ea NOT A VAID OPTION Me*a FOR 1,1 TO 1000
SEXT : PRINT 00P, 1L116 GOTO 310
30 RETURN
360 PRINT QrP.S $;-"L; or ";R$;RBS;" ";I$;CICHR(176);RBS;
370 ZGINKET : IF Z0w-" 0OTO 370ELSE PRINT (1177 Z0;: FOR Ist TO 100: NEXT
380 IF ZOOL AND ZQOCJRS(ASCCLS)-32) AND ZORS AND ZQOCHR$(ASC[RS)-32) THE 360
390

4001M 0c INPUT/OUTPUT OPTIONS coo
410 CLS
420 PRINT TAB(20)rINPUT/OUTPVT OPTIONS'
430 PRINT 012,"(1) Input Data via Keyboard
440 PRINT(2) Input Data via Tape
4,0 PRINT(3) Save Data to Tape
4&0 Z1 6 : 9.33: GOSU 300
470 ON O GOTO 1000m 5009 700
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INPUT DATA VIA TAPE

500REN .e9 INPUT DATA VIA TAPE *0
50 CLS : PRXNT*Insert DATA TAPE into ESF-0 and press SPACE BAR"

520 IF INKEYtO" * GOTO 520
530 PRINT 0132,"Data File Number :LBS;CHRS(176i;RB6;
540 UINKX/S : IF ZI- THEN 540: ELSE FI-VALtZI)
50 PRINT 9150. ZI;: FOR lti TO 100: NEXT
560 IF FI THEN 530
570 OCLOSE
So0 @OPEN FI
590 GIllPT CV.N.YM.Y2
400 FOR I1 TO IN
610 G9NPUT RV(1)
620 FOR Jai TO CV
62 IF 101 THEN 630

23 OINPUT XV(J),X2(.T)
40 @NPUT MNI,T)
60 NEXT!
&40 NEXT I
0 LOSE

665 TAS',*T"

670 CLS : PRINTCALCULATING CORRELATION MATRIX..." : GOTO1230

SAVE DATA TO TAPE

7001EM *0 SAVE DATA TO TAPE ...
710 CIi : PRINT"Insert DATA TAPE into ESF-00 and press SPACE BAR!
720 I INKET6*O * GOTO 720
7W PRT @t32,*File Number to Save Data Uncr "2BS;CHR*(176);RBS;
740 Z][oIN]KETS : IF ZI THEN 740ELSE FI"VAL(ZI)
750 PRINT 0164, ZI;: FOR lot TO 100 : NEXT
740 IF FIGI THEN 730
770 OCLOSE
70 OPEN F1
7"O SPU9 CVI,TMY2

000 FOR 11 TO IN
810 OPRINT RV(I)
020 FORT-t TO CV
825 IF lot TIMH 830

M2 OMT MU(J),X2(J)
00oRINTT T MZ( W)
SoO KEXTJ

no 0 T 1U O CLOSE
I0 PRCNT t 2,PI"EONS.E R
WO @CLOSE
090 PJRXT" (1) Continue with R~egresio

900 PRINT" 2) Return to Prgram Menu
M1 PR1 (3) Go to Program Selection 4Nw

920 ]FOuT96 Vs =3: GOSUB 300
9W0 ON to OTO 15000 160, 10000

IPTDATA VIA KEYOARD

1000 INP ** INPUT DATA VIA XXTOARD 0*1010 CI.S
1020 1)[PUT*umber of Carrier VariabDles to too onto.e-;CV
tION IF CVI>9 PRe,*** ERROR Ne))O MORSX TH.AIt9 CAR.IZERS AL/.ONZD*OTO 1020

1040 IF CV(1 PRINTHEN ERROR MUST HAVE AT LEAST I CA.E RR R VARIOLE"*=OTO tO2 0
1045 FOR lot TO CV I MU.)-0: XS(Do, : X2(1)fO: SX(DO NEXT I

I I~050 D(IU a Enter the Numberf of Observations,=
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1070 CLS
IaM YS-0 : T20: SYmo : Yh.0
109 FOR lot TO IN
1100 PRINTIOBSERVATION *-,I
1120 PRINrEaiter the observed value for the response variable, y*::INPUT RV(I)
1122 YN.YM*RVWI : SY-RVWI-YS : YS-YS+SYII *- Y2nY2.SYO.RVfl-YS)
1130 FOR Jai TO CV
1140 PRINTEnter the Value for carrer variabl*# X-;MIS(STb~fl,2,2;:PUT 101(13)
1142 MUQ).U)+KN(LJ) I SX W=MU.J-X5W ): XS(J-XSJ+XGW/I: X2d3)OX2J)SXJ)N(cLaf-XS(1))
1150 NEXT 3T
1160 PRINT
1170 NEXT I

fACLTE AND 1DISPLAY CORRELATION MATRIX

1160 CLS : PRITCALCULATINO CORRELATION MATRIX..
Il~ I MS-mir
1200 FOR 3.1 TO CV
1210 HU(J)uMU(J)/IN
1220 NEXT.3
1225 TAW.N
1230 FOR I= I TO IN
1240 IF TAS'P* THEN RV(I).(RvD-Ym)/sOR(T2
1250 FOR 3.1a TO CV
1260 VCar)4M~tl-MU(J))/OR(X2t))
1290 NEXT Z
1290 NEXT I
1295 FOR In I TO IN : VCUJ.).RV(I) : NEXT I
1300 IVmCV+ I RETS'Y* : GOSVB 2000
1310 RMr.-N 6 : EPSAIE-5
1320 CLS PRINT*CORRELATION MATRIX:' : PRINT
1325 IF CVC.5 THEM PRINT* *; ELSE PRINT' ";
1330 FOR li1 TO CV : PRINT* X*;ROHTS(STRSUI).);:IIF CVC.5 TE PRINT MA;ELE PRIXT '
1335 NEXT : PRINT' Y"
1340 FOR lot TO IV
1350 FOR 3.1t TO IV
1355 IF CV)5 THEUP.*.* ELSE PS *.###0*
1360 IF Ju1 AND I(.CV THEN PRINT "X:RIGHT,(STR(I)Wr; *: LSEIF 3.1PRINT Y
1362 IF ABSMVWaJ)-IKEFS AND C7>5 THEN PRINT"a I ';GOTO 1360
134IFABs~vva,J-IKEPS THENPRINT" I *: GOTO 1380
1370 PRINT USING PS;VVarl): IF CV<&5 THEN PRINT ; ELSE PRInTr*
1390 NEXT J
1390 PRINT
1400 NEXT I
1410 PRINT 0969,*Pries SPACE BAR to Continuel
14201IF NXKETSO' THEN 1420

2ZL SBETO CRRE VA BES

ISOORIN *** SELECT SUBSET OF CARRIERS***c
1310OIF CVmI THEN 1580
1520 CU :PRIXTO The data array entered contains*;CV"carver variables Toue
1530 PRINT~may regress an a1PCVM-camrnes or any "Iset.*
1540 PRlNT Gl97,LB*;A;RB*;"l1 or 1;LBW':*R;Rubset IME*CNR*(14flR
1550 RCW.INKEYS I IF HCSm. THEN GOTO 1550ELSE PRINT 0221.HCS I FOR lo1 TO 100: NEXT
1560 IF HCSO"A AND HCSOae AND HC60OS" AND HCSOs THEN 1540
1570 IF HCmS OR HCSs1 THEN 1600
1560 FOR In I TO CV : rn-I)=Y : NEXT:1 GOTO 1910
1600 REM 9 * CHOOSE SUBSET OF CARRIERS
1420 CLS I 110M4 THEN SDm5 ELSE 3DmlM
1430 PRlNT0Tc faclitate recogrntiont the firstW~Drvalues for eac warr : PRIfhawe uisplayed below. When
praispted Uxlicate whether you wantO
1440 PRINTto 1L3S;RIRMretain or JD3R3O.1tf *am carrier for the revresfen.0
1450 KP.254
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1460 FOR IsI TO CV
1470 PRINT G[P. 5,X":MIDtSSTRS(),2,2);
100 FOR Js"I TO O
1490 PRINT MM(Z,I);:IF 303D PRINT ":
1700 NEXT j
1710 KPwKP+64
1720 NEXT I
1730 KP236
1740 FOR 1I TO CV
1750 PRINT QKPLBS;CHR$4176);RB$;
1760 RTSnINKEYS : IF RTS" GOTO 1760ELSE PRINT @KP*t,RTS;
1770 IF RTSO'R" AND RT$O'r" AND RTS0"D" AND RTSO'd" THEN 1730
1790 IF RT$saR" OR RTS-ve THEN US(I)-'T" ELSE US(I)=*N"
1790 KP1KP.64
1300 NEXT I
1.10 US(0) ,YT
1820 IV,0
1830 FOR lI TO CV
1640 IF USWI)aoT* THEN IVsIV+1 I:(IV),I
150 NEXT I

1870 PRINT GW96,*Regrets an:
180 FOR 181 TO CV
190 IF US(I)m*'f THEN IPS7 3 l : 3.=3.1

•1 190 NEXT I
1910 IF IVO THEN PRINT 3896,'ee ERROR see YOU HAVE DELETED ALL CARRIERS-FOR lot TO 2500 : NEXT
IO0am 1500
1920 FOR In1 TO IN
190 FOR Jo TO IV
1940 IF ,IV AND I<-rV THEN PRINT "X:MID$(STRs(IW(ID),2,2);", "
1950 VC(IJ)-IMMLIP())-MU(IP(J)))/SQR(X2(P(7)))
1960 NEXT 3
1970 NEXT I
1960 PRINT Q960,CakUcating...s;

CALCULATION OF OLS ESTIMATES

2000RENOOC CALCULATION OF LEAST SQUARES ESTIMATOR ee
2010 REM BETA.hat a ( X' X .inverse X' Y
2030REM ee CALCULATE X'X ee
2040 FOR 11 TO IV
2050 FOR ;a1 TO IV
2060 VVUT)-0 : VI(U.J)0
2070 NEXT J
2090 NEXT I
2090 FOR l1 TO IV
2100 FOR3.1 TO IV
2110 SUM-0
2120 FOR IK-I TO IN
210 SUMSUM VC(IK.I)#VC(IKJ)
2140 NEXT IX
2150 VV(1P34UM
2160 NEXT T
2170 NEXT I
210 IF RETS.T" THN RETURN

CAL.CULTE (X'X)nverg.

50OREM #*. CALCULATE (X'X))nverse *oo
OtO FOR IsI TO IV : VT(I.I~tl : NEXT
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3240 SUNuSUM+VTVEI.IK)*Rv(IK)
2 3250 NEXT IN

3260 9(I) = SUN
3270ONEXT I

TRNSFORM BETA COEFFICIENTS TO REGRESSON EQUATION COEFFICIENTS

3300 REM . TRANSFORM BETA COEFFICIENTS TO REGRESSION EQUATION COEFFICIENTS..
3305 D(0)wYM :SCIOIwYM
3310 FOR Is I TO IV
3320 SC(I)8(I)
3330 B(D-aSC(I).SOR(Y2)/SQR(X2(IP(IW)
3340 B(0)w(0)-B4I).KU(IP()
3350 NEUT I

~ALULAE EEMETSOF ANOVA TABLE

3500REM **0 CALCULATE ELEMENTS OF ANOVA TABLE c
3510 RBS=0 : ESSO0 : E25-0
3520 TSSzY2
3570 FOR 1-1 TO IN
3560 SUI4-O ': 6214-
3390 FOR 1Ks I TO IV
3600 SUN-SUM+.KwIIJPaIXflBaD
3405 82MS24.VC(I4l)*SCIIK
3410 NEXT IN
3420 SUM*SvN.340)
3430 RH(w.SUM
3440 ESSwS(RV.)SQRT2)Ym-sum)Rva.SR(22.YN-SUW
3445 E25-E25(ava)-S2M).(RVWD-S2M

344 NEXT!I
* 345 SATSS-ES
* 3470 )MmRSS/(IV)

360 MESxESS/UIN-IV-D
3685 X2S.E2S/(IN-IV-1)
3490 FmMRiS/MES
3700 R2=RSS/ISS
3710 FOR lot TO IV
3720 TW-sSCQ)/SQR(2S # VIaI.Im)
3770 SE(I)mSGR(M2S viamn SOR(tY)/SOR(X2UlPI)))
3700 NEXTI

DISPLAY AIIOVA TABE L1RSON EQUATION, OTHER STATISTICS

4000wE **e PRINT OLS UOLgTIOK, ANOVA, & OTtER STATISTICS e
* 4010 CLS

402 PRINT 026,'A X 0 V A'
4030 PRINT' Sourc OF Sum of Squares Mean Squat F-Ratio
400 FOR 135 TO si s ST(,4): NEXT: FOR 1=26 TO 29: SET(,): NEXT'. FOR 1-40 TO 47: SETab,): NU a' FOR 1.73
TO 99: SETam.: NEXT: FOR to 106 TO 120: SET(I.6fl NEXT

4060 PRINT Qt92,*Repgrwsstan*';:PRINT @204,IV;'.PRINT Q213JRSS:: PRINT 9231.xM; P=7I 0243.' ';WI F>999."
4 9f THEN PRINT USI1(G#e.e**e.CCCC';F ELSE PRINT USINO*40...e4;F
4 4060 PRINT @M5,'Errov'::PRINT 0268,IN-(IV+ IM)PRINT (0277,355: WRINTQ295,MES
* 4070 PRINT 9M#*,Tott";PRIXT @33,I-1;:PRIXT 9341#T58

4060 PRINT : PRINT 'Thu Regrssion Equation is!'
4090PRIKT' a*-:
4100 FOR ZoTO IV
4110 IF10 0 GOTO4140
4120 IF 940*=0 THEN PRINT' 0;ELSE PRINT a- 'I
4130 GOTO 4150
4140 IF 3(I) ) 0 THEN PRINT' +6'ELSE RINT' -*
4150 P~w0%h(W())
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4160 IF PV>999.9q OR PV<.00I THEN PUs-0#.#. e(L(E" ELSE PIJ-oee4eee -

4170 PRINT USING PUS;PV;
4190 IF 100 PRINT" X1:MID$4STR$(IW(I)).2);" *; ELSE PRINT "
4190 IF 1-2 OR 1*S OR Is$ THEN PRINT" " PRINT" ";
4200 NEXT 1
4205 IF IVC,5 THEN PRINT 0704,'"; ELSE PRINT @768,-";
4210 PRINT "R-Square: ";:PRINT USING"0.0e..':R2;:PRNT' ";Adjusted R-Squarel ";PRINT USING**
.eeee"';I-(l-R2).dIN-I),/(IN-tV- 1)

4220 PRINT'Std. Error:":IPRINT USING"* ***.#...SQR(MES)
4225 PRINT*Std. Error as % of Resoonse Mean:";:PRINT USING*eeIe.I44-.0";(SRME9)/YM)100;'RZN,%;
4230 PRINT 0960,*PRESS SPACE BAR TO DISPLAY ADDITIONAL STATISTICS*;
4240 IF INKEYS0" " GOTO 4.10
4250 REM a v a PPINT COEFF's. t-STAT's. STD. ERROR of COEFF's, & STANDARDIZED COFF's..
4260 CLS
4270 PRINT"Var. Coefficint Partial F Std. Error eta Coeff"
4280 PRINT"-
4290 Ul-seeee.e" I U21s"*.#084L E E
4300 FOR I*I TO IV
4310 PRINT" X';IDI(STRS(IWtI)),2.2):
4320 IF ABS(B(I))9D 9 OR ABS(StI)K.0001 THEN PRINT 0 ";:PRDIT USING U2$;B(I);:GOTO 4340
4330 PRINT USING UI$;B(I);
4340 IF ABS(T(I)0T(a))>999q 9 OR ABS(TtI)TKI))<.0OI THEN PRINT" *NPRINT USING U2,CITW.T;" GOTO 43
60
4350 PRINT USING U I $*,TIT(I);
4360 IF ABS(SE(I))W9 9 OR ABS(SE(I)K.0001 THEN PRINT" ";:PRINT USING U25; SEan:GOTO 4350
4370 PRINT USING UIs; SE(I);
4390 IF ABS(SC())>99999 OR ASS(SC(I))<.O01 THEN PRINT" ";:PRINT USING U25; SCCI) : GOTO 4400
4390 PRINT USING Ult; SCWl
4400 NEXT I
4410 PRINT W896,*Do you want to see the Diagonal Elements of the Hat Matrix?*;
4420 LsIly" : R'n I : KP"60 : GOSUB 360
4430 IF ZQ"N" OR Z~arn' THEN PRINT Q896, BLS;: PRINT 9960, BLS;GOTO 4970

DISPLAY DIAGONAL ELEMENTS OF HAT MATRIX

4 0OREM -#* DISPLAY DIAGONAL ELEMENTS OF HAT MATRIX e*
4510 CLS
4520 PRINT * The diagonal elements of the Hat Matrix H a X(X'X)inv. X' )give a measure of the influence of th
@ i th observation of theresponse variable -in the corresponding fitted value.";
4530 PRINT" A large'value of h(ii) is indicative of an outlier. This, of course, does not umply that the data po
int Is necessarily a 'baad' pointbut should alert you to inquire into its nature."
4340 PRINT: PRINT A reasonable rule of thumb For what is considered a large HU,) is any value larger than
twice the rank of the hat ma- triz divided by the number of observations."
4550 PRINT Q704, ". ie. Consider H(i,&) >*,"2*IV/IX;" as large"
4560 IF LNHa"N" GOTO 4590
4570 PRINT 034,NOTE: A blinking cursor will highlight 'large' H(ii)'s"
4560 FOR JGt TO 10 : PRINT G832,CHR$(143);: FOR J;zl TO 25 : NEXT 3H PRINT (32" ";: FOR 1=1 TO 25 1
NEXT 31 :NEXT 03 : PRINT G32,";

4590 PK 0940,"Press SPACE BAR to display the H(i,i) 's*;
4600 IF IXKET$ O "GOTO 4600
4610 CLS
4420 PRINT01DaganaL Elements of Hat Matrixi"
440FOR Is TO IN STEP 3
4640 IF INT(I/37) 0 1/37 AND INT(I/73) 1/73 GOTO 4700
46M IF LH$-*T GOSUB 4010
4660 PRINT 09640,'Press SPACE BAR to display rmaining elamrants";
4670 IF INKETSO "" GOTO 4670
44k0 CLS
4690 PRINT"Diagonal Elements of Hat Matrix (cantinuedM
4700 FOR Z-0 TO 2
4710 IF 143 ) IN GOTO 4790
4720 IF :* GOTO 4740
4730 IF :*I PRINT TAB421); ELSE PRINT TA3(42)
4740 :smMID$4STR$(I.3Z.2,3)
4750 Pa*T"N°3T;°,'T$ ;H(I.J);



4760 NEXT J
4770 PRINT
4760 NEXT I
4790 IF LHS-'Y" GOSUS 4810
4400 0OTO 4980
4810 FOR JX-1 TOJL
4820 IF I(-37 AND IDIJXX37 THEN 0SUB 4870: OTO 4850
430 IF 1)37 AND I(- 73 AND ID(JX)>-37 AND ID(JXK73 THEN GOSUD 4870: 0OTO 4650
4W4 IF 1>73 AND ID(JX)>)73 THEN GOSUB 4870
4650 NEXT TX
464 RETURN
4070 FOR ,TZ1 TO 10
4860W IF I(-37 THEN IP=ID(JX)
4090IF 1)37 AND I<-73 THEN IP-MD(TX)-36
49)00 IF 173 THEN IPaID407X)-72
4910 IF IP/3*lNT(IP/3) THEN PP=41P/3)064 ELSE PP-(INr(P/3)+*6~e4
4920 IF IP/3-lNT(IP/3) THEN PP-PP+42 : COTO 4940

) 4930 IF (IF41)/3 a INT((IP#-I)/3) THEN PPaPFP+21
! 4940 PRINT OPPCHR$(143);: FOR JY=l TO 25'. NEXT.TY PRIT GP,'H';

4WNEXT 3?
4960 RETURN
4970 PRINT G896,*Do you want to see the residuals?*;
4960 PRINT 0896.*Do you want to see ttw residuals?"
499 KPm960 : L$=*y* : RSn'n" : GOSUB 360
5000 IF ZsT OR ZQy" THEN 6010
5010 PRINT 0896, BLS : PRINT 0896,.Do you want to see a plot of the residuals?".
5020 GOSUB 360
50M IF 10Y'• OR Mly' THEN 6510
5m CO7O 6910

E, DISPLAY RESIDUALS

600REM *** DISPLAY RESIDUALS so.
6010 CLS
4020 PRIT T Observed Y Estimate R'dul"
6m FOR I! TO IN
44 PRINT USING40.eee.,.**:RV(I)*SR(Y2)YM;:PRIT ":PRINT usIMo *eeeeeee*~R-
G)|upmvN ";:PRINTUSN"1e eeeeq-E)

4050 IF 1/12 0 INT(I/12) COTO 6100
~0IF IaIN 0OTO 6100

6070 PRINT:PRIXTOPRESS SPACE SAR TO DISPLAY REMAINDER OF RESIDUALS"
4060 IF INKEYS 0 * 0 OTO 6080
4090 CLS.RINT (0," Y Observed T Estimate Residua.

6100 NEXT I
4110 PRINT 896,"Do you want to see a plot of the residusls?*
6120 KPw960 : Lsy" : RS-an" : GOSU 360
6130 IF Zonr OR ZO,'y' THEN 6510
6140 0T 6910

DISPLAY PLOT OF RESIDUALS

4 SREX ** PLOT OF RESIDUALS 0e*
4510 CLS:PR1NT 0,°THE HORIZONTAL AXIS REPRESENTS 7 ESTIMATE
4320 PRINT 0192,THE VERTICAL AXIS REPRESENTS RESIDUAL OR ERROR OF ESTIMATE
4530 TSlE+25: 39 IYE-2 5 RLYS : RBmYB
6540 FOR Is1 TO IN
55 IF RH(IKYS THEN YS-RH(I

&%4IF RHUI)>YB THENTURH(I)
570 IF E(IKRL THEN RLzE(I)

460 17 E1))RD THEN RmE(I)
0 NEXT I
400 PRINT 964,* RANGE OF Y ESTIMATE =*;yS;oTOo;YB

4410 PRINT 026, RANGE OF RESIDUALS =';RL;*TO"RB
442 PRINT 07468,**u AFTER VIEWING THE PLOT, PRESS SPACE DAR TO COKTINIU
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6630 HUU*I6/tYL-YS1 VU&48/(RB-NL)
4440 IF YS)m0 T1 LEN VA&1Q ELSE VA0lO.ABS4YS*HU)
4M5 If RL)m0 TAEN HAx47 ELSE HA-47-&%BS(RL*VU)
6440 PRINT C896,PRESS SPACE BAR TO DISPLAY PLOT
4470 IF INKEY% .'> GOTO 6470
"SO0 CLS

440FOR 1-0 TO 47
4700 SEYCY 4.1)
4710 NEXT I
472 FOR 1.10 TO 127

4750 SEwIT LA)- K96+TVA25: Z3wINTHKA/3lJ): IF711/3- DNT(HA/3))a2Z/3 THU K3wX3-I

470IF K3>15 T-- 31
4770 PRINT 0K,-;: IF ABSINT(RB+.5Wm1 THEN PRINT STRs(INTRB+-.5); ELSE PRINT USING***4N.U
4700 PRINT QK2,";: IF ABS(IKTCRL+.5IJ>-1 THEN PRINT STRII T(RL.5m ELSE PRINT USING*09*;RL;
4790 IF VA(.14 AN(D YS<O THEN K4mK3*64 ELSE C4mK3*64+6
600 PRINT QK4,1:I1F ABSIINTIYS+.5)))u1 THEN PRINT STRS(INT(YS+.5)); ELSE PRINT 7SINO'*6O$evS;
610 IF ADSaINT('rD..5WU1 THEN PRINT (GK3*64463-LEN(STRI(INTCTD..Sm),STRS(INT(YU..-5)); ELSE PRINT 010
1,9"OmINT USNG4*0"lrD;

4M2 FOR 1.1 TO IN
48300 = 10+(RHIW-TS)HU : D a 47 - ( (EW)-RL)*VU)
4W4 IF 0)127 TH*2N 0=127
6M0 IF 0<0 THEN D-0

&6W IF O-MN(VA) THEN 020+1
467017F DmINT(11A) THEN RESET(O-1D13 IF 00127 THEN RESRT(0.1,D)
&M6 SET (0.D)
60 NEXT I
4600 IF INlETS 0) GOTO 60
4910 PRINT 0832, BLS : PRINT BLS :PRINT DLS;
462 PRINT 9832,*(1 RETURN TO ANOVA TABLE";
493 IF CV~t THEN PRINT Q896,E(2) RERUN REGRESSION WITH A DIFFERENT SUBSET OF CA4N,;
4901F CV)1 THEN PRINT Q960,*(3)-? ELSE PRINT 0960,'(2)-;
4950 PRINT G%94,*RETURN TO PROGRAM MENU-;
4960 PO746 IF CV>1 KS&3 ELSE ICS=2
4970 GOSUB 300
4960IF 1001 THEM 401ORLSE IF 10.2 AND CVal THEN 160ELE IF 10-2 THEE ISOOELSE 160

10000RKM *## PROGRAM SELECTION MENU #**
10010 CLS
1002 PRINT TAB120)'PROGRAM SELECTION MENU'
10030 PRINT Q128.*1l Data 1/0. Transformatans. Prab. &, Inverse Prob. Distributonie
10040 PRINT62 Sarhple Stat's, 7-Num-Sum, Plots11PRINT
10060 PRINT43 Parametric Tests of Hypotheses and Confidence Intervals'WRINT
10W4 PRINT 04 Robust Estumates and Confidentce Intervals"WRINT
10070 PRINT05 Multiple Linear Regression"WRniN
10060 PRINT94 Analysis of Variance'
10090 KP.096 : K3-4 GOSUB 300
10100 IF10<1 OR 10)6 PRINT Q6,CIIR*(250)flPRIT 364e.NOT A VALID OPION .4e;FOR I-Il TO 1000:
uZX7 : PRINT I GW,CHR$(250)lOOTO 10090
10110 IF10,95 007030
10120 IF1006 THEN ZT*3* ELSE I~wm1
10130 CLS,
10140 IT71004 THEN PRINTIFrom programn 05 accss to programs $1 ttwij 04 is twough tte Control Module in
progr am 0 1.0 : PRINT
10150 PRIXT0IWSERT TAPE 00=hT* INTO ESF-SO AND PRESS SPACE BAR"
10140 IF INKETS0O I GOTO 10140
10170 IF 10.4 THEN 1002 ELSE I0.1
1010017F10-1 THEN PRINT : PRINT -Proga 01 is new being loaMe..
10190 LOAID 10
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3CLEAR
10 CLEAR 200
20 CLi
30 DEFINT I-K:IDEFSTR L :RSCRU):DICH (2)
35 LBS-CHRs(123) '.MBSOCHRS(176): B&R$15:B$HS22
40 DIM P5(100), C(10,20)
50 PRINT TAB(2On'*Analysis of Variance'
40 PRINT TAB426)r(AXOVA)'
70 PRINT:PRINT"Munu:O
SO PRINT" (1) One-Way Classification
90 PRINT' (equal or omequal no. of observations for each factor)'
100 PRINT' (2) Twa-Way Classification
110 PRINT' (with or without replication)
120 PRINT' (3) Three-Way Classification
130 PRINT" (4) Return to Program Selection MenuO
150 LW'CHRS(255): LPn"***9*.*d,0" : LDU'**'
140 Mxp-99: KS"4 I GOSUB 1600: WSnIO : XZ'0
170 CLS : IT WSz4 THEN 200001 160 PRINT *Will Data be Entered via * BSM'K';eyboard or ',LBS;'T RDS;'ajae?' : ~k23 ILW'k IRS
not': GOSUD 1200
190 IF QS-'K OR Q-'k* THEM 11-1 ELSE 11=2: GOSUU 600
200 CUS
2100ON WS 006113 500010000,15000.20000

PRINT ANOVA TA=L

213 CIS
220!IF WSIl LHo'tOne-Way Classification rGO0TO 260
230 IF WSa2 LNu*(Two-Way Classification)"OOTO 260
240 I1F WS3 LB"l(Three-Way Classification)'
260 PRINT TAB(15MIAXOVA "PLH
270 PRINT' SOURCE D.P. SUIM OF SQUARES MEAN SQUARE F
260 PRINT STR1N6s2,-*): ON WS GOSUD 300,400,80
265 CLS I PRIMT'Do you want to save the data to tape?"; I K3 : L~yO R-o'no GOSUB 1200 :1.0.05
290 IF LGO'y' AND LOOY'T AND LGO'n" AND LQ0*K' THEN GOTO 295
295 IF LG='y* OR LG'T" 0051137000
217 CLSI'OOT0 50,
300 PRINT LMrrABICMD"TABU19n:PRIN USING LPTn=1tIXT TAB06M)PRINT USIN0 LPNXCIUnT TAU(5
0)IIPRINT USING LPIW
310 PRINT
320 PRINM'Rsuak';TAEIXIEDFT AM190MfI SIG 69*.0'ZSPINT TA3(34;NT VUMG*

330 PRINT
340 PRINT STRINOS(2'-O)
350 PRINT'otalT"AB(13)lTDFTrAB(19);:RrINTUIG9O~**1T
360 PRINT G960,'Press SPACE BAR to continwe'
370 IT INRES 0' GOTO 370
360 CLS :RETURN
400 IF IEDI PRINT '!nteraction-A813;PRINT USING LDIADP;:PRnI TABU9lWINT USING LPITISIPRINT
TASM)4flPRINT USING LP*MA;:PRIT TAB(50);:PRINT USING LPFALPRINT
410 IF t~al PRINT 9192,-u; ELSE PRINIT @320."
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420) PRIT LR;TiABh13);:PRINT USING LD;RDF::PRIINT TADI19);:PRINT USING LP*,TRSS;:PRINT TAB&36);PRXUT U
SING LPMhR;*.PRINT TABV50;:PRIUT USING LP:-FR:PRI14T
430 IF e I PRINT GI,20."*: ELSE PRINT 0449,"";
440 PRINT LCrrABI13n':PRINT USING LD;CDF;:PRINT TAB19);:PRINT USING LPtTCSS;.*PRINT TABD36);:PRJNT U
SING LP;NC;:PRINT TAB(50O;:PRINT USING LP;FC:PRINT
450 IF IEal PRINT ()446,'"'. ELSE PRINT 9576,"";
460 PRINT *Residuar;TAMt13fl;RINT USING LD;EDF;:PRINT TAB(19fl:PRIT USING Lp;ESS;:PRINT TAB936)l:Plt
V)N? USING LP;MR
470 PRINT STRINGG(62,"-*)
480 IF Xlnl 0070 670
490 PRINT*Total"*TAB(13flPRINT USING LDTD'F:':PRINT TAB£19)l:PRINT USING LPI*TTS
500 IF IEal I0070 470
510 FOR lei TO 25 : PRINT ()253,CNRS(139) I FOR.u TO025 : NEXT RI NT ()253," 1 FOR.1o TO 25 NEXT
T NEXT I
520 PRINT 0832,"REXINDER: a large F-tatistic 0> rejection'
5W0 FOR 1-1 TO 150 . NEXT I
540 PRINT "832, LW PRINT LM th
550 PRINT 08'32,"Do you acept or reject the hypothesis that there is no inter-ORINTlaction betwee the row a

440 IF LQ * OR L.GoY GOTO 7200
470 PRINT 0748,"ic L ou Preject 2PthL RNT06.R"&;~ hypotheseso oitrcintefn~1PI sI is~ veated Uand th Pre
minde fthe -aOs ishonave.PRNT" (Press space bar to ontinu@4l
600 IF INlEYS 0 "SGOTO 00
490 CLS3IRETURN

i ~ ~~ 2 RIN G832,PZN TWSO:RX USING LP
810 PRINT LC192, LW PRINT USINGypthsi thatPIN tere lIN USIN noTCnteractionTis acceptedU
S0IN PhCIT ?ABISmPRIN USoN wan 72po neato eida?:Ly on ~o7 OU 20 G
620 PRINT G7411, LH I RINTL USoIN LGDI:PRINT TARUI.RINT USN 0= hptss caRnT sesduig TAP4; R
91)10h LraPItm TADOn aoe.PRITOSING L Spmbrt c3iul
49O PRIN I ETRNT"nwcin

840 PRINT LURr .51);P~fl"-":LEF L5 F-.:~PRIT USIG L;DO9:P-NTTAB9;IIWT USING LP.DOSSPR T86)WM
IPNTAOfPRNUSING LPND;:PRINT TAD(50);PRINT USING LP; F7I
$10 PRINT LE725ILR.5N-;LXTUSINL5DTAUMM;PT UING D;D9PIN AB19PINT USING LP=S;FmT83)9PIXTU
IWN A~RN SING LPNBPRINT TA45W;:PRIT USING LP 
60 PRINT LG-FTSILC "-ILEPT SIL5;TAU(3);:PRT USING LD;ADP;:USIN PtMS= TAB(6T USIN LPZU
SPIN TACMG;IPRT US(5);INLX ;RN S;PIT USING LP 
940 PRINT 1 PU T(Rasidua"LETRI13)WRIN3)MT USING L l#PIT TRU)PRIT SING:~tK LUS~IN TARo
;3)IRIT (6;.fUSING LPI MD:RN TAMI;PDT SN ,F
050 PRINT LSTM(3.-*;ET4~5*TB1)*MTUIGL;IF"PITTI91ITUIGLM

660 PRINT LETtarTAB ,#LF:PITSING L;TDF13;:RINT UAING LDPRINT UING T9ILPMTUIGPA

900 PRIN 0960e.. Press SPACE SAM to return to continue'l
910 IF INKBEYSo a GOTO 910

9W0 RETURN

* 1000 PRINT QKP#5e"OPTION DIRED *,LB5;MBS;RBs:
1010 IoaINKETS. IF7 II." THIN 1010 ESR 10*VALCI$t

- 4 1020 PRIT GICP.2t, 101 : FOR lei TO 100 1 NEXT
1030 171001 ORt 10>1 TIMN PRINT COM? ILS;: PRINT SK,f.'. NOT A VALID OPTION FOR lot1. To 100
0: NEXT 2 PRINT OKP, UL$;; GOTO 1000
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£040 RETURN
1200 PRINT QKP#5,LB6;' ;LS' or ";R$;" *;RBS*~ "*LBS'.B;R9S;
1210 QosSNKEYS IF 06s' THEN 1210 ELSE PRINT @KP.20,06;; FOR Is I TO 100 : NEXT
12201 IF 001. AND QIOCHRS(ASCtLSM-32) AND QI0O AND QO0CHRS(ASCCR*S-32) THUN 1200
1230 RETURNj

ONE-11AY CLASSIFICATION

500 REM *00 ONE-WAY CLASSIFICATION
500 IF 12.2 THEN ON OL GOTO 5I110. 5390
5010 PRINT TAB427);"ANOVA* : PRINT TAB(17)rbOne-41ay Classification)*
5020 PRINT 012S."Enter a reference name for the factor (ie. Operator"INPU7(enter up to 12 charactewr)L

* 503 PRINT Q I 28LW : PRINT LK
504 PRINT Q128,Enter the numer of ";LC;* levels (u to tor*;:IwPVT IC
505 PRINT 0129#L14: PRINT 012VAre there in equal nuina' of experw'mts o bservations*: PRINTfo each

5052 %Fw206 L~s'y* RSs~n' : GOSUB 1200 : LO-Os
500 IF LCI*y' OR Lu'Y' THEN 0L= ELSE O1..2
50W PRINT 91 281LW :PRINT LW
5060IF LO*nl OR LCaNX GOTO 330
509 PRINT 0128,LW : PRINT LW
5100 PRINT 0128,"Enter niuffber of observations for each **LC;* (wp to 20)":INP T 1E
51 to0Sa Osao
5115 CLS :IF 11-2 TUEN PRINT 0.Calculating'
5120 FOR lot TO IC
5130 IFUs HE RIT2.,
5140 CS4I)u0
5150 FOR Jis ITO IE
5160 IF 11-1 THEN PRINT- Enter value of observati n*;:JIXP T ca(.3)
5170 CSUl)sCSm.)C(I0T)
5110 Sw4CEIJ)C2
5190 O6!os'C(I.)

523 NEXT I

529 TRTS-0TT4 0

320 CFs ITOI

534 TRTF.TRC+CS(E-I

536 NEXTSIE

5270 ?uMC/?4ERT

5360 CLI ETURND

2 5390 CLSI I 112 THEN PRINT 90.*Callatlng
5400 oo 1 Sao; CoD-o =00x~
5410 FOR lotTO IC

454202 IFu THEN PINTEntev the numbaer of observation for *LCW1-04 to 20)UIWVT MI()
5430 CSaCD-0 Cudmo :,TNs:X#IXQ
544 FOR lot TO IX(1)'
5450 17 Uuml THEN, PINT~or 1LC;Ir w-ter GervIon*W;:rM1PVT C(I..f
5460 CSW(I)C(IP)
5470 OuOS.4C(IT)

.1 sm Sw5CCImJ)C2
5490 NEXT 17



5500 PRINT
5510 NEXT I

2 5520 CLS : PRINT GCaculaating"
5525 TRTS*O
5530 FOR lil TO IC
5540 TRTSGTRTS*CS(l){2/!X(I)
5550 NEXT I
5560 TRTSuTRTS-OSC 2/3M
570 T7OS-OSC2/J3
5510 ESSOTTS-TRTS
590 CDF-IC-1
5600 E0FETN-IC
5610 TDF"CDF+EDF
5620 MCaTRTS/CDF
5630 EESS/EDF
5640 FIKC/ME
5650 CLI 3 RETURN

LOAD DATA FROM TAPE

6000R1M4 *** LOAD DATA PROM TAPE e
6010 CLS
6020 PRI31MOT*EI You mst specify a file number containuig data whuch was
6M3 PlRI)Mrecorod in the format for ";

6040 IF WSaI PRINTon-way clssification. : GOTO 6100
6050 IF VS-2 THIN PRINT'two-way classufication. ELSE PRINT 'the-way cltassificaton"
4100 PRINT PRINTInsert Data Tape into 351-60 and press SPACE BAR"
6110 IF Ix TYO" TO m0 6110
6120 PR!T NIPUT "nter File #of Data to be Loadedog?
6130 OCLOSE
6140 @OPI 7
6150 OBES
6160 DINPUT Us
4170 IF WS 3 OTO 4300
6160 CLI I PRIMTUROR., the data file you are attemptitng to load is for
6190 LLII one I LL.2),'twe" : LL(3O)wt'we
4200 PRINT LLMSI8-way classification nstead of "LLMS)r-way clasuif Ationl
4210 PR I I PRINDo you want to continue to load data and rn a LLIS)r-way"
6220 Pii7classificattan ANOVA or do you want tO start over?*
62M IT m 969,UNoPurT (I) Continue 42) Start Over ( I or 2 )0IO
4240 IF 1001 AND 10 2 PRINT QM96. LN t PRINT 096,-e NOT A VAID OPTION ... t FOR l- TO I00 N
XT : OOTO 4230
4350 7 10,2 RUN
4300 ON 9l9 OTO 4310t 630 4700
4310 GINIM LC
6320 QINPUT 0L
430 OGINPUT 1C
63401 QL2 GOTO 6400
435o GINPUT IM
6360 FOR let TO IC
6370 FOR :a1 TO I
460INTPUT C(1,)
6M NEXT :
6"NEXT I

b39 OCLOSE
6,W RETURN
400 FOli.I TO IC
6410 INPUT xII)
6420 FOR :at TO IXY )

4430 OlNPVT Cal$)
6440 NEXT Z
6450 NEXT I
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t460 @CLOSE
4470 RETURN

* 6500 GINPUT LRLC
6510 WINPUT IR.ICIE

*6520 FOR oit TO IR
6530 FOR To l TO IC
6540 FOR K-t TO IE
4550 GINPUT X1(.3,11
650 NEXT Z
6570 NEXT Z
4560 NEXT I
659 OCLOSE
64W RETURN
4700 @INPUT LR.LCL.O
6710 SINPUT IX,IR.ICO
4720 FOR t1 TO IR
4730 FOR Tl TO IC
4740 FOR Kai TO 10
4750 SINPUT Xa(v,*)
4740 NEXT K
4770 NEXT 7
6730 MXT I
4790 @CLOSE
600 TURN

SAY!l DAkTA TO TAPE

7000M toe 8AVE DATA TO TAPE *.
7005 CI.
7010 PRINTData will be rcrded in accrdance with the format f
700 PRINT"AMOVA 4,LH
70M0 PRT : PRINTInsert Data Tape into 3SF-60 and press SPACE RAW
704031 IF Ei 0 * a OTO 7040
7050 PRINT INPUrnter File * unde which you want data rewrkd'rTP

7060 @OPMN 37
7070 SPRINT HS
7060 ON WS 0T0 71009 7400t 7700
7100 SPRINT LC
7110 SPRINT 02.
7120 9PRINT IC
7130 IE QLs2 GOTO 7250
7140 9PRINT 1E
7150 FOR 1o1 TO IC
7160 FOR Sol TO 1!
7170 PRINT C(1T)
71S0 IRMT
7190 NXT I

7200 OCLO
7210 RUnrMN
7250 VOR lot TO IC
723 SPRINT IX(
7260 FOR Zal TO IXCI)
7270 OPRINT C(IIT)
7260 NEXT $
7290 NEXT I
7300 CLOSE
7310 EITrU;M
7400 SPRINT LR.LC
7410 SPRINTF IRIC,IZ
7420 FOR lot TOR I
7430 FOR Sol TO IC
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7440 FOR Ks I TO IE
7450 SPRINT X(IJ,])
7460 NEXT K
7470 NEXT
7470 NEXT 1

7490 OCLOSE
7500 RETURN
7700 QPT LRLCLO
7710 SPRINT IXIRICIO
7720 FOR Int TO IR
7M73 FOR Jul TO IC

7740 FOR toI TO IO
7750 PNT X(l.11)
7740 NEXT K
7770 NEXT Z
7700 NEXT I
7790 OCLOSE
7300 RETURN

TWO - WAY CLASSWCATION

10000 REM .. O TWO-WAT CLASSIFICATIONj 10005 IF Ilo2 THEN OOTO 10070
10010 PRINT TAB(271OAKOVA'PRINT TAB(17)l'(Two-Way Classification)*
10020 PRINT 9192,lEnter a reference naam for the row factor ( to 12 characters):NP3T LR
10030 PRINT 0192, LW : PRIXT.LW : PRINT 9192,*Eter the nu ber of "LRr Ievls';:INPT IR
10040 PRINT 0192, LN : PRINT 9192,Enter a reference name far the column factor (up to 12 char.'s)0:N1PUT LC
10050 PRNT 0192, LW ' PRINT LW : PRINT 0192,'Enter the number of ";LC;" Iovels';ZUNPUT IC
10055 PRINT 0192, LW
10040 PRINT 0192lFnter the nmber of replicatians in each call (up to lO;3IPUT IE
10070 CL I I 1 0 1 PRINT *The model Is a r ELSE GOTO 10130
10060 PRINTO (1) Fixed Effects Model
100M PRINTO (2) Random Effects Model
10100 PRINT' (3) ROws Fied. Columns Randm
10110 PRINT (4) Cous Flied, Rows Random
10120 KPm64 X34 : OSUR 1000 1 T1-1
10130 CLI I IF IN1=I TEN TN.
10135 IF IIs2 PRINT Q0.Culajltln§g-
10140 3ao I0Ow
£0130 FOR lot TO IN I SIw
10140 IF1181 T&E PENA'For a=R3
10170 FOR Jst TO IC
10130 IF 1101 T PRNT' For "ILC&T
10190 1J. -1)eIC J : PSL).0
10M0 FOR lot TO 11
10210 IF 11 TIME PRINT' ente rplicatimn O0=94I1PUT Xap..)
10220 ToX(Ir.,)
10230 SslIY[2 3SwO3Y : NWS(I)II)*T PS(L)PSW)+T
10240 NEXT K
10200 NEXT :
10255 IF 111TWIN CLI
10260 NEXT 1
10270 CLJI PRINT'Calalatlng-
10280 OS'0S12/1UR*IC9WE
10290 FOR :a1 TO IC
10300 CW.)*O
10310 FOR it TO IN
I0 FOR tot TO IE
10303 NEXT K

10M8 NXT I
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10370 TRSS-.) TCSS90 *: TISS20
10380 FOR Is I TO IN : TRSS-TRSS*RS(I)C 2 ; NEXT I : TRSSuTRSS/IXC#IE)-OS : RDF&IR-1 I RwRTRSS/RD)F

10390 FOR Sal TO IC : TCSSzTC5SSCStY)(? NEXT J : TCSSATCSS/AIR.IE)-OS : CDFsIC-I MCuTCSS/CDF
10400 IF lEs I ADFUO 2 TIS~S*0 GOTO 10420
10410 FOR Cat TO IC*IR : TlSSaTISS#FS4K)C2 I NEXT K : TlSSsTISS/IE-O6-TRSS-TCSS I AOwRDF*CDF I MAnTI
5S/ADF
10420 TTSwS-OS :TDF=IR*IC*1E-1I
10430 ESSsTTS-TRSS-TCSS--XSS : EDF*TDF-ADF-CDF-RDF I lEwES/EDF
10440 IF lExl l4AsME
10450 ON 3IM OOTO 10460, 10480, 10500, 10520
10440 FRwNR/ME: PC FMCIME : FAaMA/ME
10470 GOTO 10530
10490 FRMR/MA :FCwMC/MA : FAwMA/ME
10490 GOTO 10530
1050 FRoMR/MA I FCwMC/ME I FAuNA/XE
10510 GOTO 10530
10M2 FRNMR/ME '. FCNC114A I FAAMA/ME
10650 CUS RETURN

THEE -_MAY CLASSIFIQ=1O

150003M *** THREE WAY CLASSIFICATION .

1500 IF 11M THEN GOTO £506
1500 IXO0
15010 PRINT TAB(27)*AMOVA* t PRM? TAU(I6rrlhree-Way Classiflcation)
1502 PRINT 0192,lntev a reftrmnce name far the row factor (uip to 12 characters.INPUT LA
1I030 PRINT (3192o LW PRINT LW
15040 PRINT (3192*Enter the number of MAIJ levels kup to £or'mNIPUT IN

* 1504 IF IR)IX THEM IX-IR
1506 PRINT (3192.LW ;PRINT (192,Enter a reference name for the colunm factor (Lop to 12 ctw..Dl:INPT LC
1504 PRINT 03192t LN PRINT LW I PRINT Q£92"Entur the number of *;LCr levels (uip to 103';INPUT IC
1504 IF IC)IX THM IXwIC
15070 PRINT (3192, LW 3 PRINT LW I PRIM (1192,Enter a reference name for the group factor (up to 12 char.'s)
:1WV? LO
1500 PRINT (3192t LW : RIT LW : PRINT (3192slnter the number of *1LOI levels (up to 10IXPUT 10
1506 IF MIX1 THUN IXatO
1506 CUS : S.0 : 0880 IF 11=2 THEN PRIN Calculatings
1509 FOR 1o1 TO IX
1509 RS(I)u0 : CSI4u0 1. OSaW-0
15100 FOR Jul TO IX
15105 RC(IVX.Jl0 3 M41,T)N0 : COG.Jl80O
So5110 NEXT I
15115 NEXT I
15130 FOR l11 TO T0
15140 IF Slat THEM PRIMT4For *L;1.;
15150 FOR 3o.1 TO IN
15140 IF Slat THEN PRINT" For' 63=.
15160 FOR %at TO IC
15190 IF Slot THEN PRIMI Enter observattin for O:LC2Ih'INPTI X&TK.I)
1520 TuXI..I
1522 S&S*Y[2 I OS-MSY
152M RS(IIwRS4JI+T 3 CS(ICS(KI.Y I 0S(IJ.GStflY
£5240 RC(3,KRC(JX)#Y : R03,I3.ROIJ.I).T : COKICOK.4ZI)+Y
1525 NEXT K
15240 NUXT,7
15265 IF Its I THEM CUS
1S270NEXT I
15200 CUS PRINT"Calculatuvg
15290 OS&OS92iIIR#IC#1OI
ISM0 TRESG 1 TC3348O Tos*@
15310 FOR lot TO IN: TRSSaTRUS.R$SDC2: NEXT 1: TRS5.TRSS/IICeIO) -09: RDFoIR-1 : RaTRWURDF
I$£22 FOR Jut TO IC I TCSSaTCSCS(T)12 I NEXT.T TCoSUTCS8/EIReIO) -OS: CDFwIC-I IMCaTCSS/CDF
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4 1530 FOR 1a1 TO 10 : TaSS*ToGS 51cX)2 : NEXT K :TOSSoTOSSIR*IC) -06: ODFwIO-1 : MS/ODF
15340 0OSS&0 : DOSS-o : AISSO0
ISM3 FOR lei TO IX
ISM9 FOR Jai TO IX
15400 DOSS&DOSS.RCCIJ)(Z ; ODSS=DDSS.RG(a.JC2 : AlSSAISSCou.JCE2
15410 NEXT J1
15420 NEXT I
15430 DOSSaOOSSIIG - OIS - TUSS - TCSS : DDF=uaR-1.U(C-z : MD=DOSS/DDF
15440 DUSSmDBSS/lC - OS - TRSS - TOSS : B0Fn(IR-1)IMC- 1) MB.DDSS/Or0F'I 15450 AISS=AISS/lR - OS - TCSS - TOSS: ADF=(IC1I)#(IG-1) : MABAISSIAOP
1545 TISaS-OS : TDFnIR'IC*1O-1
1544 ESSaTSS-TRSS-TCSS-TOSS-DOSS-DDSS-AXS EDIF.TDF-RDF-CDF-GDF-DDF-DDF-ADF 1MZ"ESS/2DF
15470 F~wMR/ME
154S0 F2-MC/ME
15490 F3=MG/ME
15500 F4wMD/ME
13510 P5.113/ME
1I=2 F-mmA/ME
115= RETURK

20000REN too PROGRAM IELECTION MENU*e
20010 CLS

200PRINT TAB(20)"PR0ORM ULECTION MZN1U'
10 030 PRINT Q128,0#1 Data L10o Trnis~ormations. Prob. & myv. Prog. DistributionsP~Rm
20040 PR1NT1*2 Sample Stat's. 7-WA-- *Sk.,. Plots:PIT
2006 mPrI3 Paranitnc Tw1s of 1(rxrtiess and Confidence Intovvals*.?RIMT
20060 PRINT44 Robust Esftimit. and Confidenct Intervals"!PRINT
20070 AURNT5 Multiple Linear RegresstanIPRINT
20 600 PRINT046 Analysis of Vana~w

2090KUE94 ICS0 GOSt!U 10w
20110 IF10.4 OOTO 5
201207 IF 10. THEM LT*3* ELSE LTO'l1
20125 CLS
20130 IF1005 THlEN PRRT"From program 04 accss to pragrans *1 ttwu 04 is ttoruh the Control Kodiu in
P1 Ogg m *I.*: PmRIN
20150 10a1
20170 PRIXT'INSERT TAPE* '*LT-, INTO 1SF-SO AAD PRESS SPACE UARO
201301IF INXETSO 0 0 GT 20180
2010517F LTO?3 THEN PINProgram ft now baing loaded..O
20190 GLOAD 10
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